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Quercus  macrocarpa,  bur  oak:    12-dayold  seedling,  0.5  X. 
Acerrubrum,  red  maple:   samara,  1  X. 

Menispermum  canadense,  common  moonseed:   seed,  2  X. 

Cephalanthus  occidentalis,  common  buttonbush:    fruits,  0.5  X. 

Rubus  laciniatus,  cutleaf  blackberry:   seed,  6  X. 

Sorbus  americana,  American  mountain-ash:   seed,  4  X. 
Pinus  resinosa,  red  pine:    1-day-old  seedling,  1  X. 
Pinus  contorta,  lodgepole  pine:   seed,  1.2  X. 

Carya  glabra,  pignut  hickory:    nut  and  husk  0.6  X. 
Betula pendula,  European  white  birch:   seed,  66  X. 
Rubus  canadensis,,  thornless  blackberry:   fruit,  1  X. 

Aronia  arbutifolia,  red  chokeberry:   fruit  cluster,  0.5  X. 
Abies  fraseri ,  Fraser  fir:    seed,  1  X. 

Morus  alba,,  white  mulberry:    fruit,  0.5  X. 

Fraxinus  nigra,  black  ash:  2,1 -day-old  seedling,  0.5  X. 
Fraxinus pennsylvanica,  green  ash:   seed,  1  X. 

Prunus  virginiana,  chokecherry:    7-day-old  seedling,  0.5  X. 
Abies  fraseri,  Abies  fir:   cones,  0.5  X. 

Pinus  resinosa,  red  pine:  7-day-old  seedling,  1  X. 
/4//a/7f/7us  a/r/ss/ma,  ailanthus:   seed,  1  X. 

Quercus  acutissima,  sawlootU  oak:   acorn,  1  X. 
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1 .  Abies  procera,  noble  fir:  cone,  0.3  X. 

2.  Acer  macrophyllum,  bigleaf  maple:  samara,  0.5  X. 
3.  Ce/f/sref/cu/afa,  netleaf  hackberry:  stone,  4  X. 
4.  Cercocarpus  montanus ,mounla\n  cercocarpus:    achenes  with 

feathery  styles,  0.5  X. 

5.  Chi/opsis  linearis,  desertwillow:  seed,  2  X. 

6.  Clematis  virginiana,  eastern  virgins-bower:   achenes,  2  X. 
7.  Chrysothamnus    viscidi floras ,   Douglas  rabbitbrush:     achene 

with  pappus,  4  X. 
8.  Eurotia  lanata,  winterfat:   fruiting  spike,  0.25  X. 
9.  G//7*jo  i)//oia,  ginkgo:   fruit,  0.5  X. 

10.  Ginkgo  biloba,  ginkgo:   seeds,  0.5  X. 
11.  Libocedrus  decurrens,  incense  cedar:   germinating  seed,  1.5  X. 
12.  Liriodendron  tulipifera,  yellow  poplar:  samara,  1  X. 
13.  Pao/oM/n/a  fomenfoia,  royal  paulownia:   winged  seed,  6  X. 

14.  Platanus  occidentalis,  American  sycamore:    fruiting  head,  0^5  X. 

15.  Platanus  racemosa,  California  sycamore:   fruiting  head,  0.5  X. 

16.  Pseudotsuga    menziesii    var.    memiesii,    coast    Douglas-fir: 
cones,  0.4  X. 

17.  Ulmus  alata,  winged  elm:   samara,  2  X. 
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INTRODUCTION 

by  C.  S.  Schopmeyer  ^ 

This  handbook  on  seeds  of  trees  and  shrubs  is 
written  for  people  who  deal  with  these  seeds 

including  forest  and  range  regeneration  spe- 
cialists, urban  foresters,  horticulturists,  re- 

search scientists,  seed  collectors,  seed  technol- 
ogists, seed  dealers,  nurserymen,  forestry 

students,  and  backyard  gardeners.  It  is  a  com- 
pletely rewritten  and  greatly  expanded  succes- 

sor to  the  Woody-Plant  Seed  Manual,  U.  S. 
Department  of  Agriculture  Misc.  Publ.  654, 

1948.  This  new  book  is  published  in  i'esponse  to 
numerous  requests  from  people  in  these  groups 
who  are  involved  in  planting  and  seeding 
programs. 

Tree  planting  is  essential  m  the  program  of 
more  intensive  timber  culture  that  is  being  ap- 

plied to  our  most  productive  forest  lands. 
Prompt  tree  planting  saves  years  that  are  often 
lost  in  waiting  for  natural  reproduction.  In 
addition,  planting  permits  proper  spacing  for 

control  of  tree  growth  and  quality,  and  facili- 
tates the  application  of  cultural  measures  in 

the  new  stand.  Productivity  can  be  increased 

further  by  planting  genetically  improved  seed- 
lings which  are  becoming  available  in  increas- 

ing numbers.  A  large  backlog  consisting  of  mil- 
lions of  acres  of  poorly  stocked  or  nonstocked 

forest  land  is  in  need  of  planting. 
Trees  and  shrubs  also  are  planted  to  improve 

the  habitat  of  wildlife  and  to  protect  the  soil 
from  erosion  by  wind  or  water.  In  urban  areas, 
planting  is  done  to  improve  the  environment  of 
man  by  ameliorating  the  effects  of  heat,  wind, 
dust,  and  noise ;  and  by  screening  or  beautifying 

the  urban  landscape.  A  knowledge  of  woody- 
plant  seeds  is  essential  for  producing  the  seed- 

lings needed  in  all  of  these  applications. 
The  information  in  this  handbook  is  presented 

in  two  parts.  An  understanding  of  the  principles 
and  general  methods  presented  in  Part  1  will 
facilitate  effective  use  of  the  detailed  informa- 

tion in  Part  2.  Part  1  includes  a  chapter  on  seed 
biology  followed  by  7  chapters  on  the  principles 
and  general  methods  of  producing,   handling. 

'  Division  of  Timber  Management  Research. 

and  germinating  seeds.  Part  2  is  the  result  of  a 
Service-wide  effort  on  compiling  seed  data  for 
approximately  800  species  among  188  genera  of 

woody  plants.  Manuscripts  were  prepared  dur- 
ing the  1968-1972  period  and  cutoff  dates  for 

literature  reviews  vary  within  this  period. 

In  Part  2,  the  data  and  information  are  com- 
piled in  genus  units  in  alphabetical  sequence. 

They  include  information  on  scientific  and  pre- 
ferred common  names  with  synonyms ;  grovrth 

habit,  range,  and  primary  uses ;  flowering  and 
fruiting  dates;  photographs  or  drawings  of 
fruits,  seeds,  and  seedlings ;  methods  of  fruit 

collection ;  procedures  for  seed  extraction,  clean- 
ing, and  storage;  yield  of  cleaned  seed  per 

bushel  of  fruit  and  number  of  seeds  in  a  pound 

of  cleaned  seed ;  examples  of  purity  and  sound- 
ness; pregermination  treatments  to  break  seed 

dormancy  and  germination  test  conditions  with 
resulting  germination  percentages ;  and  nursery 
practices  specific  for  the  genus  including  season 
of  sowing,  seedling  density,  depth  of  sowing, 
type  of  mulch,  and  outplanting  age.  General 
nursery  practices  are  not  included  here  because 
they  are  well  covered  in  regional  handbooks 
such  as  those  by  Schubert  and  Adams  (1971), 

Stoeckler  and  Jones  (1957),  Stoeckler  and  Sla- 
baugh  (1965),  Wakeley  (1954),  Williams  and 
Hanks  (in  press).  For  species  used  in  both 

horticulture  and  forestry,  Bailey's  Nursery 
Manual  (1935)  is  still  a  good  reference. 

Research  on  seeds  of  commercially  valuable 
coniferous  species  has  had  a  higher  priority 
than  that  on  hardwood  species  because  these 

conifers  are  more  extensively  planted.  Conse- 
quently, we  have  much  better  information  on 

seeds  of  conifers  than  on  seeds  of  hardwoods. 
Intensive  research  on  .seeds  of  hardwoods  in 

the  past  was  limited  to  very  few  species,  but  the 
evidence  compiled  in  Part  2  indicates  that  many 

species  of  hardwood  seeds  require  longer  pe- 
riods of  cold  stratification  and  lower  tempera- 
tures for  germination  than  those  used  for  conif- 
erous seeds. 

Meager  test  results  obtained  under  limited 
conditions  are  the  only  ones  available  for  more 



than  half  of  the  species  included  in  Part  2.  Al- 
though many  of  the  germination  percentages  ob- 

tained under  such  conditions  were  less  than  ade- 
quate, the  test  conditions  and  results  are 

included  because  they  provide  a  reference  point 
for  further  research. 

The  seedling  drawings  from  the  1948  Woody- 
Plant  Seed  Manual  are  of  specimens  that  were 
grown  in  seed  testing  laboratories  and  green- 

houses formerly  operated  at  the  North  Central 
Forest  Experiment  Station  and  at  the  Pacific 
Southwest  Forest  and  Range  Experiment  Sta- 

tion. Consequently  the  seedlings  were  more 
spindly  than  those  grown  in  outdoor  nursery 
beds. 

English  units  have  been  used  for  most  of  the 
measurements  in  this  handbook  because  the 
metric  system  had  not  been  adopted  in  the 
United  States  when  this  handbook  was  pre- 

pared. Metric  units,  however,  are  used  in  the 
chapter  on  pollen  handling  because  it  includes 
procedures  performed  in  laboratories  where 
metric  measurements  are  universal.  Another 
exception  is  the  scale  for  the  drawings  on  seed 
sections.  For  small  seeds,  the  millimeter  is  a 
more  convenient  unit  than  small  fractions  of  an 
inch  and  millimeter  scales  are  readily  avail- 

able. Conversion  factors,  following  the  glossary, 
are  included  for  converting  from  one  system 
to  the  other. 

Most  of  the  photographs  of  fruits  and  seeds 
were  made  especially  for  this  publication  from 
fresh  specimens  shipped  from  Forest  Service 
field  stations.  Fruits  are  portrayed  in  a  stage 
suitable  for  extraction  of  mature  seeds.  Winged 
seeds  were  photographed  before  dewinging  so 

that  their  natural  configuration  may  be  used 
as  an  aid  in  identification.  Fruit  type — whether 
cone,  achene,  samara,  pod,  capsule,  etc. — has 
been  designated  for  many  of  the  genera  as  in 
Lawrence  (1951).  The  texture,  thickness,  and 
origin  of  the  outer  layers  of  a  fruit  or  seed 
that  remain  after  processing  and  cleaning  may 
have  a  bearing  on  the  amount  and  kind  of  seed 
treatment  needed  to  stimulate  germination.  For 
this  reason  the  principal  layers  that  are  visible 
in  a  longitudinal  section ;  i.e.,  whether  pericarp, 
endocarp,  or  seedcoat,  have  been  labelled  on  the 
drawings.  For  some  of  the  genera,  however, 
neither  the  fruit  type  nor  the  identity  of  the 
outer  covering  could  be  resolved. 
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Chapter  i 

SEED  BIOLOGY 

by  Stanley  L.  Krugman^  William  I.  Stein-,  and  Daniel  M.  Schmitt' 

Seed  is  the  principal  means  for  perpetuation 
of  most  trees  and  many  woody  species  from  one 
generation  to  the  next.  The  life  of  a  seed  is  a 
complex  series  of  biological  events  beginning 
with  initiation  of  the  flower  and  concluding 
with  germination  of  the  mature  seed. 

A  knowledge  of  the  life  processes — initiation, 
development,  ripening,  dispersal,  dormancy,  and 
germination — is  basic  for  success  in  harvesting 
and  using  seeds.  Ability  to  estimate  seed  crops 
accurately  comes  with  an  understanding  of  seed 
development,  floral  and  fruit  arrangement, 
flower-seed  relationships,  effects  of  environ- 

ment, and  the  impacts  of  animals,  insects,  and 
diseases  in  reducing  seed  crops.  Successful  har- 

vesting depends  on  knowing  when  seeds  mature 
and  how  to  cope  with  or  take  advantage  of 
natural  dispersal  mechanisms.  Optimum  use 
requires  application  of  processing,  storage,  and 
germination  information  specific  to  seeds  of  in- 

dividual genera  or  species. 
Seed  producing  plants  (Spermatophyta)  are 

divided  into  two  botanical  groups — angiosperms 
and  gymnosperms.  The  true  flowering  plants, 
or  angiosperms,  such  as  maples  (Acer),  oaks 
(Quercus),  and  willows  (Salix),  have  their 
seeds  enclosed  in  carpels.  The  coniferous  gym- 

nosperms, such  as  pines  (Pinus)  and  firs 
(Ahies),  have  seeds  borne  naked  on  scales  that 
are  spirally  arranged  on  a  central  axis  to  form 
a  cone,  or  the  scales  may  be  paired  as  in  juniper 
(Jnniperus)  and  incense-cedar  (Libocedrus). 
Seeds  of  the  nonconiferous  North  American 

gymnosperms,  yew  (Taxus)  and  torreya  (Tor- 
reya),  are  borne  singljs  each  enclosed  in  a 
fleshy  arillike  covering.  In  this  manual,  young 
cones  of  gymnosperms  are  considered  flowers 
in  the  broad  sense,  and  all  types  of  seed  de- 

velopment are  discussed  together. 

FLOWERING 

The  first  stage  in  the  life  processes  of  seeds 
is  the  production  of  flowers.  This  presentation 
on  flowering  includes  descriptions  of  (1)  a  pre- 

'  Pacific  Southwest  Forest  and  Range  Exp.  Stn. 
"  Pacific  Northwest  Forest  and  Range  Exp.  Stn. 
^  Southern  Forest  Exp.  Stn. 

requisite  juvenile  or  vegetative  period,  (2) 
floral  initiation  and  early  development,  (3) 
blooming  and  flower  structure,  and  (4)  pollina- 

tion and  fertilization. 

Juvenile  or  Vegetative  Period 
Woody  plants  pass  through  a  juvenile  or  vege- 

tative phase  before  acquiring  the  size,  structure, 
and  capability  for  abundant  flower  and  seed 
production.  Length  of  the  juvenile  period  may 

difi'er  widely  even  between  species  of  the  same 
genus.  For  example,  jack  pine  (Pinus  hanksiana 
Lamb.)  in  the  Lake  States  and  Digger  pine  (P. 
sabiniaiui  Dougl.)  in  California  may  bear  cones 
as  early  as  the  third  year;  lodgepole  pine  (P. 
contorta  Dougl.)  and  pitch  pine  (P.  rigida 
Mill.)  at  5  or  6  years  (Part  2) .  Other  pines  may 
not  bear  until  they  are  15  to  30  years  old.  In 
Part  2  of  this  handbook  the  minimum  seed-bear- 

ing ages  are  listed  by  species  within  each  genus. 
Among  individuals  of  a  species,  length  of  the 

juvenile  period  depends  on  the  interacting  ef- 
fects of  chronological  age,  physiological  condi- 

tion, and  environmental  influences.  After  reach- 
ing the  required  age  and  stature,  actual  onset  of 

flowering  may  still  be  delayed  by  the  plant's 
physiological  condition  or  by  prevailing  environ- 

mental limitations.  Open-grown  trees  and  those 
on  the  edges  of  stands  receive  sunlight  on  a 
large  portion  of  their  crowns  and  flower  at  an 
earlier  age  than  those  in  closed  stand  and  dense 
shade  (Baldwin  1942).  Likewise,  those  grow- 

ing on  warm  south  slopes  or  in  the  southern  part 

of  the  species'  range  may  flower  before  those  on 
north  slopes  or  northern  part  of  the  range 
(Baldwin  1942). 
Developmental  events  that  coincide  with  the 

end  of  the  juvenile  period  differ  among  species. 
Experiments  suggest  that  sand  birch  (Betula 
verrucosa  Ehrh.)  must  reach  a  certain  absolute 
size  before  flowering  will  begin  (Wareing  1959) . 

Similarly,  rapid  terminal  growth  with  concomi- 
tant faster  attainment  of  needed  minimum 

size  may  be  the  key  for  shortening  juvenile 
period  in  certain  fruit  trees  (Matthews  1963). 
Wareing  (1958)  has  postulated  that  initiation 
of  female  cones  in  Scots  pine  (Pinus  sylvestris 
L.)  is  associated  with  a  high  nutritional  status 



I.     SEED  BIOLOGY 

of  vigorous  leading  shoots  whereas  initiation  of 
male  cones  coincides  with  a  lowered  nutritional 
status  in  somewhat  older  branches.  These  re- 

ported relationships  might  be  reinterpreted  to 
suggest  that  initiation  of  female  flowers  de- 

pends on  the  attainment  of  a  minimum  tree 
size,  but  initiation  of  male  flowers  depends  on 
some  further  aging  of  the  shoot  system  (Mat- 

thews 1963).  Hormone  production  and  other 
physiological  events  are  also  involved  in  the 
transition  from  vegetative  growth  to  flowering. 
Developments  signaling  changeover  from  the 
juvenile  to  the  adult  state  have  been  specifically 
identified  for  relatively  few  species. 

Flowering  at  an  earlier  than  usual  age,  even 
as  seedlings,  has  been  reported  for  individual 
plants  of  many  species,  particularly  pines 
(Righter  1939,  Heimburger  and  Fowler  1969). 
Such  early  flowering  generally  does  not  con- 

tribute significantly  to  total  seed  production, 
but  it  greatly  facilitates  flower  initiation  studies 
and  tree  breeding  programs. 

Premature  flowering  can  be  induced  by  di- 
rect application  of  gibberellins  to  young  seed- 

lings or  cuttings.  Species  in  the  Cupressaceae 
and  Taxodiaceae  families,  including  western 
redcedar  (Thuja  plicata  Donn),  Portuguese 
cypress  (Cupressus  lusitanica  Mill.),  Arizona 
cypress  (C  arizonica  Greene)  (Pharis  and 
Morf  1967),  redwood  (Sequoia  sempervirens 
(D.  Don)  Endl.)  (Hashizume  1966),  crypto- 
meria  (Cryptomeria  japoyiica  Don),  and  other 
(Sato  1963),  are  especially  responsive  to  rela- 

tively low  concentrations  of  these  hormones. 
Members  of  the  Pinaceae  are  less  responsive, 
but  young  seedlings  of  Japanese  red  pine  (Pinus 
densi flora  Sieb.  &  Zucc.)  and  mugo  pine  (Finns 
mugo  Turra)  have  been  induced  to  flower  (Sato 
1963).  The  response  to  gibberellin  depends  on 
its  concentration,  frequency  of  application,  and 
age  of  plant.  Younger  plants  require  higher 
concentrations  than  older  plants  (Pharis  et  al. 
1965). 
External  application  increases  gibberellin 

concentrations  in  the  young  plant  to  a  level 
that  can  induce  flowering,  but  its  effects  are 
not  sustained  without  repeated  applications. 
When  internal  gibberellin  concentration  drops 
below  a  critical  level,  flower  formation  ceases. 
Only  after  reaching  a  key  stage  of  vegetative 
development  does  the  plant  appear  capable  of 
producing  a  sufficient  supply  to  sustain  flower- 

ing independently  (Pharis  and  Morf  1968). 
Striking  reductions  in  normal  flowering  age 

have  been  obtained  through  selection  and  breed- 
ing in  loblolly  pine  (Pinus  tacda  L.),  slash  pine 

(P.  elliottii  Engelm.  var.  elliottii)  (Greene  and 

Portei-field  1962),  Scots  pine  (P.  sylvestris  L.) 
(Schrock  1957),  sand  birch  (Betula  verrucosa 
Ehrh.)  (Stern  1961),  and  other  species.  Pre- 

cocious strains  of  forest  trees  can  be  developed 
by  breeding. 

Once  a  tree  or  shrub  begins  flowering  and 
fruiting  naturally,  it  normally  continues  to  do 
so  more  or  less  regularly  for  many  years  (Bald- 

win 1942,  Crossley  1956).  The  most  productive 

period  occurs  during  a  plant's  middle  age,  after 
rapid  vegetative  growth  has  slowed  (USDA 
Forest  Service  1948,  Matthews  1963).  Vigorous 
trees  may  flower  for  centuries,  but  eventually 

flowering  declines  with  the  advent  of  over- maturity. 

Flower  Initiation  and  Early  Development 
In  numerous  woody  plants,  flower  initiation 

and  development  to  the  blooming  stage  is  a 
lengthy  process  extending  over  many  months. 
During  this  period,  climatic  factors  and  internal 
conditions  interact  to  shape  the  quantity  and 

quality  of  flowers  produced.  The  effects  of  cli- 
matic factors  on  initiation  and  early  develop- 

ment are  known,  but  information  is  fragmen- 
tary regarding  physiological  requirements  for 

even  the  most  important  species. Timing 

Flowers  are  initiated  in  the  growing  season 
preceding  floral  bud  break  by  many  species 
of  trees  and  shrubs  growing  in  temperate  cli- 

mates. That  is,  flower  initials  or  primordia  are 
formed  months  to  a  year  before  the  buds  are 
fully  developed  and  flowering  begins.  In  many 
pines,  primordium  development  takes  place 
largely  after  vegetative  growth  slows  in  mid 
or  late  summer  (table  1).  But  in  Douglas-fir 
(Pseudotsuga  menziesii  (Mirb.)  Franco), 
flower  initials  develop  at  the  start  of  the  grow- 

ing season  coincident  v.'ith  bud  bursting  of  the 
current  season's  female  flowers  (Owens  and 
Smith  1964).  In  late-flowering  species,  in  those 
that  flower  over  an  extended  period,  or  in  those 
that  flower  more  than  once  in  the  same  season, 
initiation  probably  takes  place  only  a  short  time 
before  the  flowers  appear.  Microscopic  studies 
of  buds  to  determine  time  of  flower  initiation 
have  been  made  for  only  a  limited  number  of 
species.  Results  of  these  studies  are  only  indica- 

tive because  the  exact  time  of  flower  initiation 
for  a  given  species  varies  from  year  to  year 

and  from  place  to  place  over  the  species'  range. This  variation  is  associated  with  differences  in 
climate  and  site  quality. 

Following  initiation,  rate  and  time  of  flower 
development  also  vary.  For  example,  the  female 
flower  structure  of  sweetgum  (Liquidamhar 
stj/raciflua  L.)  is  morphologically  complete  by 
early  summer  and  overwinters  that  way  (Flint 
1959)  whereas  the  female  initials  of  white  oak 
(Qitercus  alba  L.),  formed  during  late  summer, 
are  still  morphologically  immature  at  the  time 
buds  break  the  following  May  (Turkel  et  al. 
1955).  In  many  species  producing  unisexual 
flowers,  the  male  flowers  start  earlier  and  dif- 

6 
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Table  1. — Times  of  floiver  initiation  determined  from  microscopic  examination  of  buds 

  Location   Time  of  flower  initiation   
Species  Geographic  Data  source 
  Country   area   Male   Female   
Cryptomeria  japonica         Japan  Honshu           Late  June— late  Mid-July— mid-  Hashizume  1962. 
.Don.  September.  September. 

Ptcea  mariana  Mill     Canada         Ontario  Late  July— August      August            Fraser  1966. 
Pi7ius  densiflora  Sieb.  Japan  Honshu  Early   September  Late   September  Goo  1961. and  Zucc. 

Pinus  edulis  Engelm.     ._.  United  Arizona  August— September     August— September     Little  1935. States. 

Pinus  eUiottii  Engelm.  do,  Florida  Late  June— July  Late  August     ,  ,_         Mergen  and 
Koerting  1957. 

Pinus  ponderosa  Laws.  do  California  (not  given)  September       Gifford  and 
Mirov  1960. 

Pimis  resbwsa  Ait.  Canada         Ontario  Late  August  Late  August  Duff  and  Nolan 
1958. 

Pi7ius  sylvesfris  L     England       Cheshire  August     __   ..Mid-August —  Wareing  1958. 
September. 

Pseudotsuga  menziesii        United  Oregon  April           April        Owens  and  Smith 
(Mirb.)  Franco.  States.  1964. 

Quercus  alba  L         do  Pennsylvania      Late  June          Early  October  Turkel,  Rebuck, 
and  Grove  1955. 

Thuja  plicata  Donn.  Canada  British  Early  June     .    .  July      Owens  and 

Columbia.  "  Pharis  1971. 

ferentiate  more  rapidly  (Table  1;  Turkel  et  al. 
1955 ;  Duff  and  Nolan  1958 ;  Fraser  1962,  1966) . 
Lonji:  after  visible  vegetative  growth  has  ceased, 
differentiation  within  both  male  and  female 
buds  may  continue  in  late  fall,  winter,  or  early 
spring  (Mergen  and  Koerting  1957,  Duff  and 
Nolan  1958).  Such  largely  microscopic  growth 
may  not  be  continuous,  but  perhaps  proceeds 
whenever  weather  conditions  are  favorable. 

Bursting  of  flower  buds  with  enlargement  of 
flowers  to  full  size  is  a  prominent  sign  of  spring. 
But  not  all  woody  species  flower  in  this  season. 
For  example,  common  trumpetcreeper  (Camp- 
sis  radicans  (L.)  Seem.)  flowers  from  mid- 
June  to  late  September;  silktree  (Albizia 
julibrissi))  Durazz.)  from  June  to  August; 
witch-hazel  (Hamamelis  virginiana  L.)  from 
September  to  mid-November;  golden  chinkapin 
(Casta}wpsis  chrysophylla  (Dougl.)  A.  DC.) 
from  June  to  February;  California-laurel  ilJm- 
beUvlaria  calif ornica  (Hook.  &  Arn.)  Nutt.) 
from  December  to  May;  and  Bhutan  cypress 
(Cupressus  torulosa  D.  Don)  in  January  and 
February  (USDA  Forest  Service  1948,  Fowells 
1965).  The  flowering  period  of  a  species  in  any 
locality  may  vary  somewhat  from  year  to  year 
because  of  variation  in  the  weather.  The  large 
range  covered  by  many  species  impart  greater 
amplitude  to  reported  flowering  periods  than 
may  prevail  in  a  given  locality. 

Flowers  may  appear  before  the  leaves  as  in 
popular  (Popuhis)  and  seabuckthorn  (Hip- 
pophae) ;  concurrently  with  unfolding  of  the 
leaves  as  in  hackberry  (Celtis)  and  walnut 
(Juglaiis) ;  or  after  leaves  are  prominently  pres- 

ent as  in  beech  (Fag us)  and  buckeye  (Aescu- 
Ins).  Flower  emergence  either  before  or  with 
the  leaves  is  common,  but  is  not  uniform  among 

all  species  of  some  genera.  In  Acer,  for  exam- 

ple, flowers  appear  before  the  leaves  in  A. 
rubrum  L.,  A.  saccharinum  L.,  and  sometimes 
in  A.  ueginido  L.,  but  in  all  other  North  Ameri- 

can species  of  this  genus  flowers  appear  with  or 
after  the  leaves. 

Most  temperate  zone  species  flower  once  an- 
nually, but  some  tropical  species  may  flower 

several  times  a  year.  Some  species  flower  pro- 
fusely, other  sparsely.  Many  shrub  species  pro- 

duce flowers  in  quantity  almost  every  year,  but 
the  magnitude  of  flowering  on  most  forest  trees 
is  highly  variable  from  year  to  year,  a  phe- 

nomenon known  as  periodicity.  Light  and  heavy 
flowering  in  alternate  years  is  characteristic  of 
many  fruit  and  forest  trees  (Kramer  and  Koz- 
lowski  1960).  In  other  forest  trees,  abundant 
flowering  occurs  irregularly  (Sarvas  1962). 
Even  in  good  years,  flowering  may  vary  sub- 

stantially from  one  locality  to  another.  Some- 
times, individual  trees  of  a  stand  are  on  differ- 

ent cycles,  some  flowering  abundantly  one  year, 

others  in  the  next.  In  addition,  mai'ked  differ- 
ences exist  between  adjacent  trees  of  similar 

size;  some  are  inherently  better  producers  than 
others  (Schrock  1957,  Stern  1961).  Flowering 
in  some  species  has  an  inherent  rhythm  that 
appears  to  be  independent  of  site  or  climatic 
conditions,  but  good  production  years  in  other 
species  are  correlated  with  climatic  conditions. 

Influencing  Factors 

Flower  formation  starts  when  a  vegetative 
meristem  suddenly  changes  its  pattern  of  divi- 

sions to  produce  initials  of  floral  organs  and 
appendages.  A  number  of  factors  influence  this 
change  though  siiecifics  are  lacking  on  the  in- 

ternal controls  which  cause  one  meristem  to 
produce  a  flower  and  another  to  remain  vegeta- 

tive. These  factors  are  of  two  types:  external 
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or  environmental  and  internal  or  biochemical. 
Environmental  factors  exerting  the  most  in- 

fluence on  flower  initation  are  temperature, 
light,  moisture,  and  nutrients.  These  inter- 

relate, each  influencing  effects  that  the  others 

have  on  flower  initiation.  Naturally,  the  plant's 
entire  well-being  as  well  as  the  particular  bio- 

chemical factors  which  most  affect  flowering 
are  influenced  by  these  same  environmental  ele- 

ments. Nucleic  acids,  important  components  of 
all  living  cells,  and  several  groups  of  hormones 
or  growth  regulators  including  auxins,  gibberel- 
lins,  cytokinins,  and  inhibitors  appear  involved 
in  initiation  and  control  of  flowering. 

Above-average  temperatures  during  spring 
and  summer  are  conducive  to  abundant  forma- 

tion of  flowers  (Biisgen  and  Miinch  1929,  Dau- 
benmire  1960).  Significant  correlations  have 
been  found  between  temperature  during  key 
months  and  subsequent  flower  or  cone  crops. 
Over  a  23-year  period  in  California,  higher- 
than-average  monthly  temperatures  in  April 
and  May  were  usually  followed  by  abundant 
crops  of  ponderosa  pine  (Pinus  ponderosa 
Laws.)  whereas  crops  were  sparse  following 
below-normal  temperatures  in  those  same 
months  (Maguire  1956).  During  a  7-year  pe- 

riod in  eastern  Washington,  cone  production  of 
eight  ponderosa  pines  was  positively  correlated 
with  the  degree  to  which  June-through-Septem- 

ber temperatures  were  above  average  in  the 
year  flower  initials  were  laid  down  (Dauben- 
mire  1960) .  A  cool  July  that  occurred  27  months 
before  crop  maturity,  with  a  warm  January  and 

a  "not  cold"  June  of  the  crop  year  contributed 
to  optimum  weather  conditions  for  abundant 
crops  of  Douglas  fir  (Pseudotsuga  menziesii 
(Mirb.)  Franco)  (Lowry  1966).  Higher-than- 
average  spring  and  summer  temperatures  have 
also  been  associated  with  abundant  flower  initia- 

tion in  white  spruce  (Picea  glauca  (Moench) 
Voss)  (Fraser  1958,  1962)  and  red  pine  (Pinus 
resinosa  Ait.)    (Lester  1967). 

Directly  or  indirectly,  low  temperature  also 
effects  flower  initiation  and  development.  Vege- 

tative and  flower  buds  of  many  species  require 
exposure  to  a  period  of  low  temperature  before 
they  will  respond  normally  to  growing  season 
temperatures  (Kramer  and  Kozlowski  1960). 
Low  temperature  conditioning  may  have  a  dual 
effect  by:  (1)  breaking  dormancy  of  existing 
flower  buds,  and  (2)  triggering  development  of 
resting  vegetative  buds  which  later  produce 
new  growth  including  formation  of  flower  pri- 
mordia.  Normal  winter  temperatures  ordinarily 
provide  suflScient  cold  conditioning  except  for 
plants  grown  near  or  beyond  the  southern  edge 
of  their  native  range.  Unusually  low  tempera- 

tures occurring  early  in  the  fall  or  late  in  the 
spring,  will  kill  vegetative  and  flower  buds  as 
well  as  developing  flowers.  With  lodgepole  pine 

{Pinus  contorta  Dougl.)  temperature  may  in- 
teract with  photoperiod  in  governing  flower 

initiation  (Longman  1961). 
Light  intensity,  duration,  and  quality  are  key 

determinants  of  plant  vigor  and  also  have  direct 
regulatory  effects  on  flowering.  Adequate  photo- 

synthesis during  critical  periods  is  essential  for 
good  flower  initiation  and  development.  Thus, 
trees  or  shrubs  growing  in  open  or  uncrowded 
positions  are  the  most  vigorous,  have  the  fullest 
crowns,  and  bear  the  most  flowers;  those  re- 

ceiving weak  light  in  suppressed  positions  may 
exist  for  years  without  producing  many  flowers. 
Shading  drastically  reduces  flower  formation 
in  fruit  trees  (Gourley  and  Howlett  1941),  and 
it  probably  has  similar  effects  in  the  forest 
(Silen  1967b).  In  northern  latitudes,  more  of 
the  cone  or  fruit  crop  is  borne  on  the  south  than 
on  the  north  side  of  the  crown  (Matthews 
1963)  ;  unequal  distribution  probably  reflects 
effects  of  greater  light  intensity  and  the  re- 

sultant higher  temperatures.  Cultural  practices 
such  as  thinning,  fertilization,  and  irrigation, 
that  promote  development  of  larger  crowns  for 
photosynthesis,  also  enhance  flower  and  fruit 
development  (Bilan  1965,  Grigsby  1966).  On 
the  other  hand  practices  that  impair  photosyn- 

thesis, such  as  heavy  pruning,  defoliation,  or 
spraying,  tend  to  reduce  flower  bud  initiation 
(Kramer  and  Kozlowski  1960). 

Light  intensity  may  also  influence  the  sex  of 
flowers  formed.  In  Scots  pine  (Pinus  sylvestris 
L.),  the  formation  of  female  flowers  is  most 
profuse  on  trees  grown  in  full  light,  but  male 
flowers  are  often  formed  on  trees  growing  in 
considerable  shade  (Sarvas  1962).  In  many 
species,  female  flowers  are  clustered  in  the  ex- 

posed tip  or  upper  crown  whereas  male  flowers 
tend  to  be  most  abundant  lower  down. 

Length  of  day,  or  night,  i.e.,  the  photoperiod, 
is  important  for  flower  initiation  in  some  woody 
plants.  Long-day,  short-day,  and  day-neutral 
species  have  been  identified  among  the  limited 
number  tested  (Wareing  1956).  Long  days  are 
necessary  for  flower  initiation  in  Wych  elm 
(Ulmus  glabra  Huds.)  (Wareing  1956),  Scots 
pine  (Pinus  sylvestris  L.),  and  birch  (Betula 
L.)  (Wareing  and  Longman  1960).  Young 
lodgepole  pine  (Pinus  contorta  Dougl.)  initiated 
female  flowers  outdoors  more  abundantly  under 
short-day  than  long-day  conditions  (Wareing 
and  Longman  1960).  Mirov  (1956)  judged 
photoperiod  of  numerous  pines  by  either  flower- 

ing performance  at  Placerville  and  Berkeley, 
California,  and  tentatively  concluded  that  most 
pines  were  day-neutral.  This  included  pines  of 
the  more  northern  latitudes ;  i.e.,  P.  banksiana 
Lamb.,  P.  resinosa  Ait.,  and  P.  nigra  Arnold, 
and  those  of  southern  latitudes;  i.e.,  P.  monte- 
zumae  Lamb.,  P.  elliottii  Engelm.,  and  P.  leio- 
phylla  Schiede  &  Deppe.  Photoperiod  is  not  eas- 
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ily  studied  in  woody  plants  because  of  their 
lengthy  juvenile  phase,  difficulty  in  handling 
large  plants  under  controlled  conditions,  and 
formation  of  primordia  in  many  species  months 
before  flowering. 

Periods  of  moisture  stress  or  drought  are 
often  a  parallel  development  of  the  warmer- 
than-average  seasons  conducive  to  flower  for- 

mation. Perhaps  a  limited  period  of  restricted 
water  supply  is  critically  important  for  promot- 

ing flower  initiation.  Experimentally,  such  a  re- 
sponse has  been  demonstrated  for  Anjou  pears 

(Aldrich  et  al.  1940),  apples  (Magness  et  al. 
1935),  European  beech  (Fagus  sylvatica  L.) 
(Holmsgaard  and  Olsen  1966),  and  Douglas-fir 
{Pseudotsugamenziesii  (Mirb.)  Franco)  (Ebell 
1967).  However,  a  protracted  period  of  mois- 

ture stress  may  become  limiting  or  even  harm- 
ful. Sometimes  irrigation  enhances  flower  initia- 

tion (Paul  and  Marts  1931,  Degman  et  al. 
1932),  but  it  may  also  prove  ineffective  or  a 
hindrance  (Grigsby  1966).  Obviously,  the  net 
effect  of  watering  will  depend  on  the  scarcity 
or  abundance  of  the  natural  supply  in  relation 
to  the  undetermined  level  needed  to  best  pro- 

mote flower  initiation. 

A  relatively  high  soil  nutrient  status  is  es- 
sential for  the  regular  initiation  of  flower  buds, 

and  high  vegetative  vigor  per  se  does  not  pre- 
clude flower  bud  initiation.  Flowering  and  sub- 

sequent seed  production  usually  are  better  on 
the  more  fertile  sites. 

Although  nutrition  affects  the  balance  be- 
tween vegetative  and  reproductive  grov^h,  the 

definition  of  this  balance,  its  physiological  basis, 
and  precisely  how  it  might  be  shifted  are  rela- 

tively unknown.  The  association  of  abundant 
flowering  with  a  high  proportion  of  carbohy- 

drate to  nitrogen  within  the  tissues  has  been 

known  for  over  half  a  centui'y  and  is  well  docu- 
mented in  the  horticultural  literature  (Bald- 

win 1942,  Kramer  and  Kozlowski  1960) .  Recent 
studies  have  raised  the  possibility  that  an  in- 

crease in  the  carbohydrate  to  nitrogen  ratio  is 
a  result,  not  a  cause,  of  flower  initiation  (Davis 
1957,  Bilan  1960). 

In  empirical  tests,  flower  initiation  has  been 
stimulated  by  the  application  of  soil  fertilizers 
(Grigsby  1966).  Favorable  responses  have  fol- 

lowed application  of  nitrogen,  phosphorus,  and 
potassium,  alone  or  in  combination,  but  treat- 

ment has  generally  stimulated  flowering  for 
only  one  year  (Matthews  1963).  Where  ferti- 

lizers were  tested  in  conjunction  with  .stand 
thinning  or  irrigation,  the  combination  treat- 

ments produced  best  results  (Matthews  1963). 
Results  on  conifers  have  been  highly  variable, 
however,  and  the  exact  influence  of  fertilizers 
is  still  uncertain.  Flowering  responses  obtained 
in  a  number  of  field  fertilizer  tests  are  described 
in  detail  in  Chapter  III. 

Natural  synthesis  of  a  flowering  hormone  is 
indicated  by  some  evidence  but  an  unequivocal 
demonstration  of  its  existence  or  its  chemical 
structure  has  not  been  achieved  (Salisbury 
1963).  Most  of  the  evidence  developed  rests  on 
experiments  conducted  with  annual  plants,  but 
the  same  principles  apply  to  the  formation  of 
flowers  in  woody  plants  (Lang  1965).  In  sim- 

plest terms,  the  substance,  or  substances,  is  pro- 
duced in  the  leaf,  translocated  only  through  liv- 

ing tissue,  and  causes  formation  of  flower 
primordia  in  the  bud.  Directly  or  indirectly, 
auxins,  gibberellins,  cytokinins,  and  growth  in- 

hibitors seem  to  be  components,  promoters, 
or  inhibitors  of  the  complex  processes  leading 
to  flower  initiation. 

Auxin's  role  in  flower  initiation  is  very  un- 
certain. Auxins  can  modify  the  flowering  re- 

sponse in  a  consistent  manner  when  applied  at 
the  appropriate  time,  but  it  is  doubtful  that  they 
play  an  important  and  direct  part  in  endogenous 
events  of  photoinduction  (Lang  1961,  1965). 
On  the  other  hand,  flowering  of  young  Japanese 
larch  {Larix  leptolepis  (Sieb.  &  Zucc.)  Gordon) 

was  mai'kedly  increased  by  changing  the  posi- 
tion of  branches — the  greater  the  branch  angle 

from  upward  vertical,  the  heavier  the  flowering 
(Wareing  and  Longman  1959,  Longman  1961). 
Distribution  of  flower  buds  on  the  branches 
was  also  influenced  by  branch  position,  clearly 
indicating  a  gravity  effect  which  may  involve 
redistribution  of  a  regulatory  substance,  auxins 
being  prime  candidates.  In  cryptomeria  (Cryp- 
tomeria  japonica  Don) ,  flower  initiation  was  as- 

sociated with  reduced  auxin  levels,  with  male 
flowers  tending  to  form  where  levels  were  lowest 
(Hashizume  1960).  Applied  auxins  have  been 
credited  with  being  a  modifying  factor  in  photo- 
induction,  or,  sometimes,  an  inhibitor  of  vegeta- 

tive growth  leading  to  increa.sed  flowering  as  in 
lychee  (Litehee  chinesis)  and  lemon  {Citrus 
limon  (L.)  Burm.  f.)   (Lang  1961). 

Endogenous  gibberellins  appear  to  have  an 
intimate  role  in  flower  initiation  and  a  marked 
effect  when  externally  applied  (Lang  1965). 
Gibberellin  involvement  in  flower  initiation  has 
been  deduced  mainly  from  responses  obtained 
following  its  external  application  to  leaves  or 
other  parts  of  plants.  Applied  gibberellin  has 
stimulated  flower  bud  formation  in  nonjuvenile 
trees  of  baldcypress  (Taxodium  distichum  (L.) 
Rich.),  cryptomeria  (Cryptomeria  japonica 
Don),  eastern  redcedar  (Junipervs  virginiana 
L.),  and  incense-cedar  (Lihocednis  decurreiis 
Torr.)  (Sato  1963).  In  cryptomeria,  the  species 
studied  most,  older  trees  are  .stimulated  more 
than  young  seedlings.  Formation  of  male  flowers 
was  generally  promoted  by  concentrations  of 

10  to  200  p. p.m.,  female  flowers  by  concentra- 
tions of  200  to  300  p. p.m.  Concentrations  of 

more    than    600    p. p.m.    markedly    suppressed 
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initiation  of  both  male  and  female  flowers.  In 
addition  to  concentration ;  method  of  treatment, 
timing,  age  and  variety  of  tree,  and  joint  use 
with  other  hormones  affect  the  response  ob- 

tained (Sato  1963). 

Growth  inhibitors  and  cytokinins  have  been 
found  in  woody  plants  (Giertych  1964),  but 
their  role  in  flower  initiation  is  unclear.  Lang 
(1965)  notes  that  simultaneous  application  of 
kinetin  with  auxin,  gibberellin,  or  nucleic  acids 
produces  a  flowering  response  in  some  plants 
greater  than  that  produced  by  one  of  the  other 
chemicals  alone.  Balances  among  various  en- 

dogenous growth  promoters  and  inhibitors  seem 
to  play  an  important  role  in  flower  initiation 
and  all  plant  growth  (Kozlowski  1971a) . 

Nucleic  acids  may  be  involved  in  transporting 
the  flowering  hormone  or  stimulus  from  the  leaf 
to  cause  flower  primordia  formation  in  the  bud. 
Both  initiation  and  development  of  flower  pri- 

mordia occur  during  periods  when  cells  are 
dividing  and  synthesis  of  nucleic  acids  takes 

place.  Eff"ectiveness  of  leaf  photoinduction  can be  increased  or  decreased  by  changing  the  level 
of  nucleic-acid  metabolites  (Lang  1965).  In 
angiosperm  buds,  ribonucleic  acid  (RNA)  in- 

creases during  flower  bud  diff'erentiation  (Gif- 
ford  and  Lance-Nougarede  1964).  Amounts  of 
nucleic  acids  were  also  higher  in  male  repi^oduc- 
tive  primordia  than  in  spur  shoot  vegetative  pri- 

mordia of  Scots  pine  (Pitius  sylvcstric  L.) 
(Kupila-Ahvenniemi  et  al.  1966).  Flowering  of 
fruit  trees  has  been  enhanced  by  direct  applica- 

tion of  purines  and  pyrimidines,  suggesting  that 
stimulation  is  relative  to  the  nucleic  acid  level 
(Kessler  et  al.  1959). 

Flower  Development  and  Structure 
Flower  initials  or  primordia  are  inconspic- 

uous at  first  and  normally  cannot  be  detected  ex- 
cept by  careful  microscopic  examination  of  each 

newly  formed  bud.  A  typical  reproductive  pri- 
mordium  consists  of  a  core  of  undifferentiated, 
thin-walled  cells  surrounded  by  a  thin  mantle  of 
meristematic  cells  which  eventually  give  rise 
to  the  various  organs  of  the  individual  flower, 
or  in  the  case  of  an  inflorescence  primordium, 
to  the  primordia  for  its  individual  flowers 
(Lang  1965). 

In  the  early  formative  stages,  there  are  no 
external  indicators  to  distinguish  flower  buds 
from  vegetative  buds.  As  flower  buds  develop, 
they  become  distinguishable  from  vegetative 
buds  by  their  general  appearance  and  location. 
Details  vary  from  species  to  species,  but  flower 
buds  are  usually  larger  in  width  and  length 
and  may  differ  slightly  in  color  or  shape  from 
vegetative  buds.  For  species  such  as  Pseudot- 
suga  menziesii  (Mirb.)  Franco,  identification  by 
external  chai-acteristics  is  possible  in  late 
August  or  September  and  thus  provides  a  ready 

means  for  making  a  first  approximation  of  the 

following  years'  flower  crop  (Allen  1941). 
Flower  buds  enlarge  greatly  as  the  flowering 

season  nears  and  conditions  become  favorable 
for  growth.  Once  opening  begins,  flowers  of 

many  species  develop  to  full  size  in  a  few  days — 
in  some  angiosperms,  individual  flowers  may 
attain  full  size  in  a  day  or  two  (Kozlowski 
1971b).  Low  temperatures  will  markedly  delay 
and  prolong  the  opening  period.  Since  flower 
opening  usually  does  not  occur  simultaneously 
over  an  entire  inflorescence,  over  an  entire 
plant,  or  among  plants  of  the  same  species  in  a 
stand,  bud  opening  may  be  in  progress  for  weeks 
in  a  given  location  (Bingham  and  Squillace 1957). 

Flowers  of  woody  plants  are  of  many  dif- 
ferent forms.  They  vary  in  color,  odor,  arrange- 
ment, number  of  parts,  and  size  ranging  from 

the  minute,  inconspicuous  ones  of  the  arbor- 
vitae  (Thuja)  to  the  showy  ones  of  the  mag- 

nolias (Magnolia) ,  which  may  be  a  foot  or  more 
in  diameter  (Harlow  and  Harrar  1958).  Many 
species  have  attractive  blossoms,  but  in  others 
the  flowers  are  scarcely  distinguishable  from foliage. 

An  angiosperm  flower  (fig.  1)  may  have  some 
or  all  of  the  following  parts :  a  stalk  or  peduncle, 
a  receptacle — the  enlarged  end  of  the  peduncle 
to  which  other  pai'ts  are  attached,  a  calyx  com- 

posed of  sepals,  a  corolla  composed  of  petals, 
stamens  with  anthers  and  filaments,  and  one  or 
more  pistils  each  having  a  stigma,  style,  and 
ovary.  A  flower  is  complete  when  it  has  a  calyx, 
corolla,  functional  stamens,  and  one  or  more 
functional  pistils,  and  incomplete  when  one  or 
more  of  these  parts  is  lacking  or  nonfunctional. 
Though  lacking  a  calyx  or  corolla,  a  flower  is 
bisexual  or  perfect  when  it  has  both  stamens 
and  pistil,  unisexual  or  imperfect  when  only 
one  or  the  other  is  present  and  functional.  The 
calyx  and  corolla  may  be  considered  accessory 

nthet         I 

>   Stomen 

.lamen.J 

Pistil 

Figure  1. — Structure  of  a  complete  angiosperm  flower. 
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parts;  but  the  stamens,  which  produce  pollen 
grains,  and  the  pistil  or  pistils,  which  contain 
the  ovaries,  are  mandatory  for  normal  seed 
production.  The  primary  function  of  the  calyx 
and  corolla,  both  of  which  are  modified  leaves,  is 
to  enfold  and  protect  the  rather  delicate  stamens 
and  pistils  while  they  mature.  In  some  species, 
the  brilliant  color,  odor,  or  nectar  supply  of  the 
unfolded  calyx  and  corolla  attracts  bees,  flies, 
moths,  and  other  insects  which  play  a  large  part 
in  pollination — the  transfer  of  pollen  from 
stamens  to  pistils  of  the  same  or  diff'erent flowers. 

Many  angiosperm  trees  and  shrubs  produce 
complete  flowers,  e.g.,  locusts  (Robinia),  mag- 

nolias (Magnolia),  and  yellow-poplars  (Lirio- 
dendron) ;  others  incomplete  flowers  lacking 
calyx  as  in  some  ashes  (Fraxinus) ,  corolla  in 
silktassel  (Garnja),  and  both  calyx  and  corolla 
in  willows  (Salix)  and  hazels  (Corylus).  Other 
species  bear  separate  male  and  female  flowers 
on  the  same  plant  (monoecious)  such  as  alders 
(Almis),  birches  (Betula),  and  hickories 

(Carya)  or  on  difi'erent  plants  (dioecious)  such 
as  maple  (Acer)  and  holly  (Ilex).  In  still  other 
species,  all  floral  parts  are  present,  but  instead 
of  being  distinctly  separate,  some  parts  are 
more  or  less  united,  e.g.,  sepals  in  viburnums 
(Viburnum) ,  petals  in  catalpas  (Catalpa), 
stamens  in  brooms  (Cytisus),  and  pistils  in 
rhododendrons  (Rhododendron)  (Harlow  and 
Harrar  1958,  McMinn  1951). 

Perfect  as  well  as  staminate  and  pistillate 
flowers  may  occur  on  the  same  plant,  as  in  hack- 
berry  (Celtis) ;  these  are  termed  polygamo- 
monoecious.  Still  other  species  bear  perfect 
flowers  on  the  same  plant,  as  in  buckthorn 
(Rhamnus) ;  these  are  described  as  polygamo- 
dioecious.  Only  those  individual  plants  bearing 
perfect  or  pistillate  flowers  can  produce  seed. 

Flowers  of  the  coniferous  gynmosperms  are 
strobili  (small  cones)  without  calyx,  corolla, 
stamens,  or  pistil.  These  structures  character- 

istically have  a  central  axis  bearing  few  to 
numerous  distinctively  shaped  scales  and  bracts 
(fig.  2).  In  the  male  or  staminate  cone,  each 
scale  (microsporophyll)  bears  two  pollen  sacs 
(microsporangia)  on  its  lower  surface.  In  the 
female  or  ovulate  cone,  two  inverted  ovules 
(megasporangia)  form  on  the  upper  surface 
of  each  ovulate  scale.  Staminate  cones,  often 
bright  shades  of  yellow,  purple,  or  red,  when 
fully  developed,  are  numerous,  short-lived,  and 
produce  an  abundance  of  yellowish  pollen 
grains.  The  less  numerous,  sometimes  colorful 
ovulate  cones  later  develop  into  the  hard  woody, 
relatively  durable  structures  containing  a  vary- 

ing number  of  seeds.  Most  gymnosperms  are 
monoecious:  both  male  and  female  flowers  are 
produced  on  the  same  plant. 

Unlike  the  similarity  showm  by  coniferous 
gymnosperms,  whose  flowers  are  arranged 
around  the  central  axes  of  cones,  angiosperms 
have  varied  and  distinctive  floral  arrangements. 
Some  species  bear  a  single  flower  on  each  pe- 

duncle, e.g.,  magnolia  (Magnolia)  and  yellow- 
poplar  (Liriodendron),  but  most  angiosperms 
bear  flowers  in  groups  or  clusters  called  in- 

florescences. These  structures  generally  have 
some  form  of  central  stem  with  or  without 
branches,  on  which  flowers  with  or  without 
pedicels  develop  (fig.  3).  Examples  of  species 
on  which  these  forms  occur  are:  catkin — thin- 
leaf  alder  (Alnns  tenui folia  Nutt.)  ;  raceme — 
winter  currant  (Ribes  sanguinenm  Pursh)  ; 
spike — California  amorpha  (Amorpha  califor- 
nica  Nutt.)  ;  head — common  buttonbush  (Ceph- 
ala.nthns  occidentaUs  L.)  ;  cyme — American 
elder  (Sambucus  canadensis  L.)  ;  panicle — red 
buckeye  (Aescidus  pavia  L.)  ;  umbel — wild 
sarsaparilla  (Aralia  nudicaidis  L.). 

On  many  trees  and  shrubs,  flowers  appear 
throughout  the  crown.  But  in  some  monoecious 
species,  male  or  female  flowers  tend  to  pre- 

dominate or  be  restricted  to  certain  parts  of 
the  crown.  For  example,  on  Douglas-fir  (Pseu- 
dotsuga  menziesii  (Mirb.)  Franco)  and  the 
majority  of  pines  (Pinus)  female  flowers  are 
most  numerous  in  the  upper  crown,  male  flowers 
lower  down.  In  true  firs  (Abies),  female  flowers 
are  confined  to  the  tip  and  uppermost  branches, 
male  flowers  mainly  to  the  upper  half  of  the 
crown. 

—  SCALE 

POLLEN  SAC 

BRACT 

Figure  2. — Structure  of  a  staminate  flower  typical  of 
coniferous  gymnosperms    (Coniferales). 
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Pollination  and  Fertilization 

Seed  initiation  by  successful  union  of  male 
and  female  reproductive  elements  is  the  cul- 

minating event  in  flowering.  Thus,  opening  of 

flowers  and  pollen  formation  must  be  followed 
by  two  key  steps :  pollination,  the  transfer  of 
male  pollen  grains  by  some  means  from  sta- 

mens, or  staminate  cones,  to  pistils,  or  ovulate 
cones;  and  subsequent  growth  of  pollen  grains 
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leading  to  fertilization  within  ovules.  Only  high- 
lights of  the  vital,  complex  cell  division  and 

differentiation  sequences  are  described. 

Pollen  Grain  Development 

In  angiosperms,  pollen  grains  are  formed 
in  the  anther,  the  saclike  portion  of  the  stamen. 
Within  the  anther,  microspore  mother  cells 
undergo  nuclear  reduction  and  division  to  pro- 

duce microspores  which  develop  into  individual 
pollen  grains.  Each  pollen  grain  first  contains 
only  a  vegetative  and  a  generative  cell.  Either 
before  or  after  dispersal,  the  generative  cell 
divides  to  form  two  sperm  cells.  In  gymno- 
sperms,  pollen  grains  are  formed  in  micro- 
sporangia,  the  pollen  sacs  beneath  each  stamin- 
ate  cone  scale.  In  these  structures,  microspore 
mother  cells  undergo  nuclear  reduction  and  di- 

vision as  in  angiosperms  to  produce  microspores 
which  develop  into  pollen  grains.  At  maturity, 
the  gymnosperm  pollen  grain  contains  two  cells 
— a  tube  cell  and  a  generative  cell — and  the 
remains  of  two  prothallial  cells. 

Pollen  grains  are  extremely  small,  varying 
in  diameter  from  about  5  to  over  200  microns 
(Felix  1961).  Small  size  and  various  surface 
features  contribute  to  their  buoyancy  and  thus 
aid  in  their  dispersal.  The  outer  coat  of  angio- 
sperm  pollen  grains  is  often  furrowed  and  sculp- 

tured. Pollen  grains  of  some  coniferous  gymno- 
sperms  have  one  or  more  air  sacs  or  wings, 
including  those  of  firs  (Abies),  pines  (Pinus), 
and  spruces  (Picea) ;  but  those  of  larches 
(Larix),  Douglas-firs  (Pseudotsuga) ,  hemlocks 
(Tsuga),  and  others  are  wingless  (Wodehouse 
1935). 

Pollen  Dispersal 

Obviously,  pollen  dispersal  and  flower  i-e- 
ceptivity  must  be  reasonably  synchronous 
within  any  species  to  ensure  its  perpetuation. 
Needed  synchronization  is  assured  in  many  spe- 

cies by  coincident  pollen  dispersal  and  recep- 
tivity within  and  among  perfect  flowers  or 

among  monoecious  flowers  on  a  single  plant, 
but  on  individual  plants  of  many  other  species 
coincidence  is  incomplete  or  nonexistent  (Stout 
1928).  For  example,  anthers  of  perfect  flowers 
on  an  individual  plant  may  shed  their  pollen 
either  before  or  after  the  stigmas  of  the  same 

flowers  are  receptive,  as  done  uniquely  in  avo- 
cado (Persea).  Or,  in  some  monoecious  species 

such  as  sugar  maple  {Acer  saccharum  Marsh.), 
staminate  flowers  on  an  individual  plant  mature 
and  release  pollen  before  pistillate  flowers  are 
receptive,  whereas  on  another  plant  pistillate 
flowers  cease  being  receptive  before  staminate 
flowers  release  pollen  (Gabriel  1968).  Analo- 

gous differences  are  found  in  some  dioeciou.s 
species  among  individual  plants  or  groups  of 

plants  with  unisexual  flowers.  These  timing 
differences  prevent  or  reduce  self-pollination,  a 
desirable  outcome,  since  progeny  produced 
through  self-pollination  tend  to  be  less  vigorous 
than  those  produced  by  ci'oss-pollination. 

Pollen  is  dispersed  chiefly  by  wind  and  in- 
sects ;  but  gravity,  water,  birds,  and  mammals 

may  also  be  involved.  Wind  is  the  principal 
dispersal  agent  for  gymnosperm  pollen  and  also 
for  the  pollen  of  those  angiosperms  that  lack 
accessory  floral  parts — ashes  (Fraxinus)  and 
elms  (Ulmiis) — particularly  species  bearing 
aments  or  catkins,  e.g.,  birches  (Betula),  hick- 

ories (Carya),  and  oaks  (Quercus).  Species  with 
brightly  colored  or  scented  flowers,  e.g.,  apple 
(Malvs),  pear  (Pyrus),  and  yellow-poplar 
(Linode)idron),  often  have  heavy  or  sticky 

pollen  and  are  pollinated  by  bees,  wasps,  butter- 
flies, moths,  beetles,  flies,  or  other  insects.  Un- 

derstory  species  are  commonly  insect-pollinated 
— their  position  and  stature  are  less  favorable 
for  wind  pollination  than  those  of  overstory 
species.  Pollen  of  certain  species  may  be  dis- 

persed by  both  wind  and  insects,  e.g.,  willows 
(Salix)  and  some  maples  (Acer)  (Wilson  and 
Loomis  1967). 

Under  dry,  warm  weather  conditions,  the 
pollen  crop  of  some  species  may  disperse  in  a 
single  day  (Sharp  and  Chisman  1961,  Sarvas 
1962).  More  often,  pollen  release  in  both  angio- 

sperms and  gymnosperms  is  spread  over  sev- 
eral days  or  more  depending  on  humidity,  tem- 

perature, and  wind  conditions. 

Adverse  weather  conditions  may  affect  de- 
velopment and  dispersal  of  pollen.  Tempera- 

tures near  freezing  can  cause  irregularities  in 
cell  division  leading  to  mature  but  sterile  pollen 
grains  (Christiansen  1960).  Insect  activity  is 
curtailed  by  low  temperatures  and  heavy  rains, 
substantially  reducing  pollen  transport  and  sub- 

sequent fruit  set.  Sustained  high  humidities  pre- 
vent shedding  of  windborne  pollen — during 

prolonged  rainy  periods  overripe  catkins  some- 
times drop  with  anthers  still  filled  with  pollen 

(Sharp  and  Chisman  1961).  Excessively  dry 
winds  are  also  detrimental,  speeding  dehiscence 
of  anthers,  premature  shedding  of  immature 
pollen  (Sharp  and  Chisman  1961),  and  rapid 
desiccation  of  the  released  pollen  grains. 

The  natural  supply  of  pollen  is  not  always 
sufficient  for  abundant  production  of  viable 
seeds.  In  both  Scots  pine  (Pinifs  sylvestris  L.) 
and  Norway  spruce  (Picea  abies  (L.)  Karst.) 
quantity  and  quality  of  seed  crop  were  found 
closely  related  to  the  pollen  supply  (Sarvas 
1955,  1962).  Even  when  production  is  sub- 

stantial, pollen  dispersal  may  be  inadequate  be- 
cause of  source  position,  ovule  location,  stand 

arrangement,  hindering  obstacles,  and  wind 
direction.  One-sided  pollination  of  female  stro- 
bili  has  resulted  from  unidirectional  wind  dur- 

ing pollen  dispersal,  and  there  may  be  a  natural 
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tendency  for  upper  parts  of  strobili  to  receive 
less  pollen  than  middle  sections  (Sarvas  1962). 

Pollen  Viability  and  Flower  Receptivity 

To  fertilize  an  ovule  pollen  grains  must  reach 
a  receptive  flower  before  pollen  viability  is  lost. 
In  some  angiosperms,  this  period  is  limited  to 
minutes  or  hours ;  in  most,  to  a  few  days  up  to 
several  weeks  (Maheshwari  1950).  Gymno- 
sperm  pollen  grains  also  may  remain  viable  for 
several  weeks  if  away  from  direct  sunlight 
(Stanley  1965). 

The  receptive  period  of  an  opened  flower  var- 
ies greatly  among  species.  In  most  angiosperms, 

receptivity  of  an  individual  stigma  lasts  a  few 
days,  but  varies  between  species  from  a  few 
hours  to  as  long  as  2  weeks  (Kozlowski  1971b) . 
An  extended  receptive  period  has  been  reported 
in  filbert  (Corylus)  (Zielinski  and  Thompson 
1966),  as  much  as  2  months  or  longer.^  Recep- 

tive periods  of  a  few  days  to  a  week  appear 
common  for  ovulate  cones  of  gymnosperms 
(Kozlowski  1961b),  and  a  maximum  receptive 
period  of  20  days  has  been  demonstrated  in 
Douglas-fir  (Silen  1967a).  Duration  of  the  re- 

ceptive period  is  influenced  by  prevailing  tem- 
peratures, humidities,  and  air  movement,  and 

may  be  materially  lengthened  as  a  result  of 
fertilizer  application  while  flowers  are  forming 
(Williams  1965). 

Fertilization  in  Angiosperms 
The  stigma  of  the  pistil  is  a  specialized  tip, 

often  fitted  with  stiff  hairs,  glands,  grooves,  de- 
pressions, or  sticky  fluids  to  facilitate  collection 

of  pollen  grains  on  its  surface.  Viable  pollen 
grains,  that  are  compatible  with  the  species, 
germinate  shortly  after  becoming  attached  to 
the  stigma.  Each  grain  forms  a  microscopic  tube 
that  grows  between  the  cell  walls  of  the  stigma 
and  style  toward  an  ovule.  Usually  only  one 
pollen  tube  penetrates  an  ovule,  and  discharges 
its  two  sperms  into  the  embryo  sac. 

A  typical  ovule  contains  within  its  matured 
embryo  sac  eight  separate  cells — an  e^g  cell, 
two  synergid  cells,  two  polar  cells,  and  three 
antipodal  cells  (fig.  4).  In  the  process  of  fertili- 

zation, one  sperm  unites  with  the  e^^  to  form 
a  zygote  that  develops  into  the  embryo  of  the 
seed.  Generally,  only  one  embryo  develops,  but 
in  some  species,  multiple  embryos  are  not  un- 

usual (Kramer  and  Kozlowski  1960).  The  other 
sperm  unites  with  the  two  polar  cells  located 
near  the  center  of  the  embryo  sac.  The  resulting 
fused  nucleus  develops  into  the  endosperm,  a 
nutritive  tissue  available  for  the  growing  em- 

bryo and  the  young  seedling  which  arises  from 
it.  As  embryo  and  endosperm  develop,  the  syn- 
ergids  and  antipods  disintegrate. 

STYLE 

Germinating  pollen  gram 

Pollen  gram 

Pollen  tube 

STIGMA 

Pollen  tube 

Ovary  wall Ttiree  antlpodols 
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,i||nj,--—  Egg  nucleus IliXl- —  Two  synergids 
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'  Thompson,    Maxine.    Correspondence    November    12, 
1971.  Oregon  State  University,  Corvallis,  Oreg. 

Figure  4. — Longitudinal  section  through  a  typical  pistil 
just  before  fertilization. 

Ovule  and  embryo  sac  formation  may  precede, 
occur  synchronously  with,  or  follow  pollination. 

In  yellow-poplar  {Liriodendron  tuli'pifera  L.), 
the  embryo  sac  has  formed  to  the  eight-cell 
stage  and  is  ready  for  fertilization  by  the  time 
pollen  matures  (Kaeiser  and  Boyce  1962).  In 
sweetgum  (Liquidambar  styraciflua  L.),  sac 
development  occurs  1  to  3  weeks  after  pollina- 

tion (Schmitt  1966)  ;  in  white  oaks  (Quercus), 
ovule  development  begins  about  1  month  after 
pollination,  and  in  red  oaks  (Quercus),  13 
months  afterwards  (Stairs  1964).  Once  started, 
development  proceeds  rapidly  toward  forma- 

tion of  the  mature  embryo  sac. 
Elapsed  time  from  pollination  to  fertilization 

for  most  angiosperms  is  about  24  to  48  hours. 
Time  required  for  some  species  is  even  less,  but 
it  takes  5  to  7  months  for  witch-hazel  (Ham- 
amelis  virginiana  L.)  and  as  long  as  12  to  14 
months  for  some  oaks  (Quercus).  Temperature 
is  the  most  important  factor  governing  rate  of 
pollen  tube  growth  (Maheshwari  1950). 

Fertilization  in  Gymnosperms 

The  small,  often  colorful  ovulate  cones  have 
scales  that  are  spread  apart  when  the  cones  are 
receptive.  Pollen  grains  drift  between  the  scales 
and  come  in  direct  contact  with  exposed,  partly 
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developed  ovules.  Some  are  drawn  into  and  pro- 
tected M^ithin  the  micropyle  where  they  germi- 

nate and  develop.  As  each  of  several  pollen 
tubes  eventually  elongates  into  the  ovule,  its 
generative  cell  divides  into  a  stalk  cell  and  a 
body  cell ;  the  body  cell  divides  again  to  form  two 
sperms.  One  sperm  fuses  with  the  egg  nucleus 
within  an  archegonium,  a  multicellular  sex  or- 

gan within  the  ovule,  and  the  other  sperm  dis- 
integrates. 

Each  gymnosperm  ovule  consists  of  an  integu- 
ment surrounding  a  multicellular  body — the 

female  gametophyte,  more  commonly  called 
endosperm.  During  later  stages  of  ovule  de- 

velopment, archegonia  become  differentiated 
within  the  endosperm  (fig.  5).  The  number  of 
archegonia  varies  by  genera  and  species — Flor- 

ida torreya  {Torreya  taxifolia  Arn.)  almost 
invariably  has  one,  pines  (Pimis)  generally  have 
from  two  to  six,  incense-cedar  (Libocedrus  de- 
cnrrens  Torr.)  10  to  15,  sequoias  (Sequoia)  as 
high  as  60,  and  cypress  pines  (Willringtonia) 
up  to  200  (Chamberlain  1935;  Hill,  Overholts, 
and  Popp  1936).  Typically,  archegonia  complete 
development  usually  less  than  a  week  before 
fertilization  which  occurs  1  or  2  months  after- 

ward in  firs  (Abies),  larches  (Larix),  and 
spruces  (Picea),  up  to  8  months  afterward  in 
cedars  (Cedrus),  and  approximately  13  months 
after  pollination  in  pines  (Pinus).  Character- 

istically, more  than  one  archegonium  is  fertil- 
ized, but  most  often  only  one  embryo  reaches 

full  development  within  the  endosperm.  The 
ovule  is  approximately  the  size  of  the  mature 
seed  when  fertilization  occurs. 

Integument 

Pollen  tubes 

iMuceilus 

Archegonia 

Endosperm 

(femole  gomefoptiyte) 

Figure  5. — Longitudinal  section  through  an  ovule  of 
Pinus  during  the  period  of  pollen  tube  development 
preceding  fertilization. 
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FRUIT  AND  SEED  DEVELOPMENT 

Physical  Development 

The  life  history  of  a  fruit  encompasses  four 
distinct  growth  and  development  phases:  (1) 
cell  initiation  and  multiplication  within  the 
flower  bud  and  enlarging  flower;  (2)  cessation 
of  cell  division  while  pollination,  pollen  growth, 
and  ovule  fertilization  proceed;  (3)  post-fertil- 

ization growth,  mostly  by  cell  enlargement  in 
the  fruit  and  by  cell  multiplication  in  the  seed; 
and  (4)  maturation  of  the  fruit  followed  by 
senescence  (Nitsch  1965).  In  mo.st  species,  de- 

velopment of  fruits  normally  does  not  proceed 
into  phase  3  without  flower  pollination  and 
fertilization  of  some  ovules.  It  may  arrest  dur- 

ing phase  3  or  early  in  phase  4  if  excessive  de- 
mands on  the  tree  or  shrub  cause  shortage  of 

growth  substances  or  moisture,  and  consequent 
fruit  drop. 

Angiosperms 
Pollination  and  fertilization  of  an  angiosperm 

flower  trigger  events  beyond  formation  of  em- 
bryo and  endosperm  within  one  or  moi'e  ovules. 

Cell  divisions  and  enlargements  are  also  stim- 
ulated in  the  ovary  and  peripheral  tissues  lead- 

ing to  the  production  of  an  ovule-enclosing  or 
supporting  structure,  a  fruit.  Floral  parts  from 
which  the  fruit  develops  vary  according  to  the 
structure  of  the  originating  flower  and  the  char- 

acteristics of  the  species.  Thus,  fruits  take  nu- 
merous forms — they  may  mature  into  fleshy  or 

dry  units  and  be  simple,  aggregate,  or  multiple 
in  structure. 

Following  fertilization,  endosperm  formation 
at  first  proceeds  more  rapidly  than  embryo  de- 

velopment, passing  through  a  cell-free  nucellar 
stage  into  a  cellular  stage.  In  some  species,  the 
endosperm  becomes  an  extensive  tissue  consti- 

tuting a  large  proportion  of  the  mature  seed 
and  contains  most,  or  all,  of  the  food  reserves 

needed  for  germination — currant  and  goose- 
berry (Ribes),  yew  (Taxus).  The  embryo  in 

such  seeds  typically  is  very  small.  In  other 
species,  the  endosperm  is  small  or  entirely  ab- 

sent, having  been  consumed  during  embryo  de- 
velopment— locust  (Robinia) ,  oak  (Quercus). 

Such  seeds  have  comparatively  large  embryos 
in  which  the  parts  are  readily  distinguishable, 
and  most  or  all  of  the  food  reserves  are  stored 
in  their  thick,  fleshy  cotyledons.  Cotyledons  in 
other  species  may  be  thin,  of  medium  to  large 
size  and  resemble  true  leaves.  After  germina- 

tion, leaflike  cotyledons  may  form  chlorophyll 
enabling  them  to  synthesize  food  until  true 
leaves  develop,  as  in  maple  (Acer). 

Embryos  diff"erentiate  and  attain  their  full 
size  in  most  species  by  the  time  the  seed  or 
enclosing  fruit  ripens  and  is  shed.  In  some  spe- 
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cies,  however,  e.g.,  American  holly  (Ilex  opaca 
Ait.),  black  ash  {Fraxinus  nigra  Marsh.),  com- 

mon snowberry  (Symphoricarpos  albus  (L.) 
Blake),  embryos  are  normally  rudimentary  or 
immature  when  seeds  disperse,  and  attain  their 
full  size  and  development  during  afterripening 
(Stokes  1965,  USDA  Forest  Service  1948). 

As  endosperm  and  embryo  develop,  their  sur- 
rounding maternal  tissues  transform  into  one 

or  two  distinct  coverings — a  typically  firm  outer 
seedcoat,  usually  called  the  testa,  and  a  gener- 

ally thin,  membranous  inner  coat,  the  tegmen. 
The  testa  protects  seed  content  from  drying  out, 
mechanical  injury,  or  attacks  by  fungi,  bacteria, 
and  insects  until  it  is  split  at  germination. 

Seedcoat  structures  vary  widely  among  angio- 
sperms.  In  some  genera,  the  testa  is  relatively 
thin  and  permeable  as  in  poplar  (Populns)  and 
willow  (Salix),  but  in  others  the  testa  is  thick 
and  bony  as  in  hawthorn  (Crataegiis)  and  rose 
(Rosa)  or  contains  cutinized  layers  as  in  holly 
(Ilex)  and  locust  (Robinia).  In  still  others, 
both  seedcoats  may  be  membranous,  as  in  elm 
(Ulmus):  the  outer  one  a  partial  membranous 
cap  and  the  inner  one  bony,  chastetree  (Vitex)  ; 
or  the  outer  part  of  the  testa  soft  and  fleshy 
and  the  inner  part  hard  and  bony,  magnolia 
(Magnolia).  Sometimes  the  seedcoat  extends 
into  a  wing,  maple  (Acer)  and  trumpetcreeper 
(Campsis) ;  bears  a  tuft  or  coma  of  short  hair 

bristly  as  in  baccharis  (Baccharis)  or  of  long- 
soft  hairs  as  in  poplar  (Populus) ;  extends  into 
both  wings  and  hairs  as  in  catalpa  (Catalpa) ; 
or  forms  other  appendages  as  in  hopsage 
(Grayia),  rhododendron  (Rhododendron).  All 
such  appendages  affect  seed  dispersal. 

Most  angiosperms  flower  and  ripen  seed  in 
one  growing  season.  The  oaks  (Qnercus)  how- 

ever are  split ;  seeds  of  North  American  species 
in  the  white  oak  group  mature  in  one  growing 
season,  those  of  the  black  oak  group  in  two 
except  for  California  live  oak  (Qnercus  agrifolia 
Nee)  whose  seeds  mature  in  one  season. 

Gymnosperms 

Postfertilization  growth  of  most  gymnosperm 
cones  constitutes  continuation  and  enlargement 
of  an  existing  structure  that  in  pines  (Pinus) 
is  already  more  than  a  year  old,  the  ovulate 
cone.  In  most  genera,  Douglas-fir  (Pseudot- 
snga),  hemlock  (Tsnga),  spruce  (Picea),  etc., 
this  tender  conelet  develops  within  a  few 
months  into  the  familiar  woody  cone.  In  a  few 
genera,  such  as  juniper  (Jnniperns)  the  cone 
scales  grow  together  to  form  a  berrylike  struc- 

ture around  the  seeds,  and  in  a  few  other 
genera,  as  with  yew  (Taxus)  and  torreya  (Tor- 
reya),   the  seeds   develop   within   fleshy   arils. 

Starting  either  several  months  before  or 
about  the  time  of  ovule  fertilization,  cone  de- 

velopment exhibits  many  of  the  same  features 
as  fruit  development — substantial   increase  in 

physical  size ;  increase  in  moisture  content  and 
daily  size  fluctuations  due  to  hydration  and  de- 

hydration; high  respiratory  rates;  accumula- 
tion of  carbohydrates,  minerals,  and  other 

chemical  constituents;  and  steady  increase  in 

dry  weight  (Katsuta  and  Satoo  1964,  Kozlow- 
ski  1971b).  However,  in  later  stages  of  cone 

development,  many  of  these  processes  reverse — 
water  content  decreases  markedly,  losses  may 
occur  in  dry  weight,  carbohydrates  and  min- 

erals move  from  the  cone  to  the  seed,  and  res- 
piration declines  (Kozlowski  1971b).  Finally, 

metabolic  activity  ceases  in  the  cone  as  it  dries 
to  very  low  moisture  content  and  opens. 

Since  endosperm  is  already  present  when 
fertilization  occurs,  postfertilization  maturation 
of  most  gymnosperm  seeds  centers  on  embryo 
development.  The  embryo  grows  and  differen- 

tiates within  the  endosperm  into  a  miniature 
plant  with  a  rudimentary  root  or  radicle,  stem 
or  hypocotyl,  and  bud  or  plumule  with  cotyle- 

dons. The  number  of  cotyledons  varies  within 
and  between  genera,  usually  being  two  in  thuja 
(Thvja),  juniper  (Juniperus),  and  yew 
(Taxus);  two  to  seven  in  hemlock  (Tsuga); 
two  to  10  in  fir  (Abies);  four  to  12  in  Douglas- 
fir  (Psendotsuga) ;  and  three  to  18  in  pine 
(PiiU(s)  (Chowdhury  1962).  At  maturity  the 
embryo  is  still  embedded  in  endosperm,  which 
in  turn  is  surrounded  by  a  seedcoat. 

In  most  conifers,  the  embryo  is  both  anatom- 
ically and  physiologically  mature  at  the  time  of 

seed  dispersal.  Swiss  stone  pine  (Pinus  cembra 
L.)  is  a  notable  exception  (Rohmeder  and 
Loebel  1940).  Seed  of  Scots  pine  (Pinus  sylves- 
tris  L.)  and  Norway  spruce  (Picea  abies  (L.) 
Karst.)  produced  in  northernmost  latitudes  also 
have  poorly  developed  embryos  which  increase 
in  size  under  favorable  conditions  following  dis- 

persal (Stokes  1965). 
Seedcoats  of  gymnosperms  may  be  relatively 

thin  and  soft,  fir  (Abies);  thin  or  thick  and 
woody,  pine  (Pinus);  or  bony,  juniper  (Juni- 

perus). Seeds  of  some  genera  have  resin  vesicles 
on  or  within  their  seedcoat,  fir  (Abies),  hem- 

lock (Tsuga),  incense-cedar  (Libocedrus) .  The 
presence  of  resin  in  the  seedcoat  tends  to  make 
the  seed  sticky  and  more  difficult  to  handle. 
Most  gymnosperm  seeds  are  winged,  but  wing- 

less seeds  occur  in  some  genera,  as  in  bald- 
cypress  (Taxodium),  pine  (Pinus),  torreya 
(Torreya),  and  yew  (Taxus).  Wings  vary 
greatly  in  size  and  shape.  A  wing  may  be  a 
loosely  adhering  structure  which  readily  sep- 

arates from  the  mature  seed  as  in  most  pines 
(Pinus)  or  an  integral  part  of  the  coat  as  in 
Douglas-fir  (Psendotsuga)  and  incense-cedar 
(Libocedrus). 

Many  coniferous  species  such  as  the  firs 
(Abies)  and  hemlocks  (Tsuga)  flower  and  ripen 
seed  in  one  growing  season,  but  some  require 
two  or  even  three  seasons.  Most  pines  (Pinu^), 
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some  junipers  (Junipenis),  and  a  few  other 
species  require  two  seasons.  But  chihuahua  pine 
{Pinus  leiophylla  Schiede  &  Deppe),  Italian 
stone  pine  {Pirms  pinea  L.),  torrey  pine  (Pinus 
torreyana  Parry),  and  prostrate  juniper  (Juni- 
perus  comminiis  var.  depressa  Pursh)  require 
three  (USDA  Forest  Service  1948). 

Cones  generally  remain  small  during  the  first 
year  after  flowering  in  species  maturing  seeds 
over  two  or  three  seasons.  In  a  few  species, 
however,  as  western  juniper  (Jnniperus  occi- 
denfalis  Hook.)  and  Alaska-cedar  (Chamaecy- 
paris  noothatensis  (D.  Don)  Spach),  the  fruit 
attains  practically  full  size  during  the  first 
growing  season  even  though  its  seeds  ripen  a 
season  or  more  later.  Thus,  ripening  habitat  for 
the  individual  species  must  be  recognized  to  pre- 

vent collection  of  immature  and  worthless  seed. 

Physiological  Development 

Growth  of  fruit  involves  a  variety  of  physio- 
logical developments.  It  normally  depends  on 

and  is  regulated  by  growth  substances  produced 
by  the  developing  ovules.  In  many  species,  fruits 
enlarge  rapidly  soon  after  fertilization  of 
ovules.  Growth  of  the  entire  fruit,  or  its  com- 

ponent parts,  may  be  relatively  continuous  un- 
til maturity  or  proceed  in  several  distinct 

stages.  As  growth  proceeds,  increased  meta- 
bolic rates  fuel  a  steady  increase  in  carbohy- 

drates, nitrogenous  constituents,  and  organic 
acids.  In  many  species,  respiration  reaches  a 
climax  as  the  fruit  ripens  and  then  declines  as 
abscission  layers  form  and  senescence  begins. 
Water  plays  a  dynamic  role  in  fruit  develop- 

ment:  transpiration  stresses  aflfect  fruit  en- 
largement as  well  as  causing  expansion  and 

shrinkage  associated  with  daily  hydration  and 
dehydration,  large  increases  in  moisture  content 
occur  as  fleshy  fruits  ripen,  and  marked  de- 

creases are  associated  with  maturing  of  dry 
fruits.  Several  other  metabolic  activities  also 
are  involved  as  fruits  of  different  species  ma- 

ture, including  loss  of  chlorophyll  and  photo- 
synthetic  capacity,  unmasking  or  development 
of  distinctive  coloration,  development  of  odor 
and  flavor,  softening  of  fleshy  fruits,  and  in- 

creases, decreases,  or  conversions  in  various 
chemical  constituents  (Kozlowski  1971b,  Nitsch 
1965). 

Moisture  Content 

Developing  seeds  of  most  tree  and  shrub  spe- 
cies undergo  an  initial  increase  in  moisture  con- 
tent shortly  after  pollination,  followed  by  an 

even  more  rapid  increase  after  fertilization  and 
the  initiation  of  the  embryo.  After  the  seed  has 
reached  its  full  size  and  as  the  embryo  ap- 

proaches maturity  a  very  rapid  moisture  loss  oc- 
curs in  many  species.  Shortly  after  fertilization 

the  endosperm  and  embryo  of  sugar  pine  (Pinus 

lamhertiana  Dougl.)  contain  as  much  as  700 
percent  moisture  based  on  oven-dry  weight.  At 
time  of  natural  seed  dispersal  the  moisture  con- 

tent of  the  pine  embryo  is  reduced  to  30  percent, 
and  in  the  female  gametophyte  it  is  reduced  to 
60  percent.  A  further  reduction  in  moisture 
content  down  to  6-12  percent  is  desirable  to 
maintain  viability  of  many  species  of  seeds  in 
storage. 

Seeds  of  a  few  species  cannot  tolerate  exces- 
sive desiccation  and  still  retain  their  viability. 

Seeds  of  the  oaks  (Quercus)  and  maples  (Acer), 
for  example,  have  a  high  moisture  content  fol- 

lowing fertilization,  and  at  maturity  this  mois- 
ture content  can  be  reduced  to  some  extent;  but, 

it  should  not  be  reduced  below  a  critical  level. 
Mature  and  viable  seeds  of  silver  maple  (Acer 
saccharinum  L.)  contain  about  58  percent  mois- 

ture, but  viability  is  rapidly  lost  should  the 
moisture  content  fall  below  30  to  34  percent 
(Jones  1920).  White  oak  (Quercus  alba  L.) 
acorns  lose  their  viability  when  moisture  con- 

tent falls  below  25  to  50  percent  of  the  dry- 
weight  of  the  embryo  (Korstian  1927). 

Hormones 

Developing  seeds  are  a  rich  source  of  natural 
growth  regulating  substances.  These  hormones 
control  and  regulate  the  growth  of  surrounding 
fruit  tissue,  as  well  as  the  development  of  the 
seed  itself.  Hormones  which  have  been  most 
often  isolated  and  identified  in  tree  seeds  are  the 
auxins,  gibberellins,  and  cytokinins  (Nitsch 1965). 

Growth  hormone  levels  fluctuate  as  the  seed 
matures.  In  pines,  for  instance,  the  principal 
hormone  in  the  ovule  prior  to  fertilization  is  an 
auxin  (Krugman  1965).  Following  fertilization 
auxin  initially  increases  in  concentration  and 
then  decreases  to  a  low  level  in  the  mature  seed. 
A  gibberellinlike  substance  first  appears  after 
fertilization  and  increases  in  concentration  only 
to  decrease  at  seed  maturity — no  gibberellins 
are  detected  in  mature,  dry,  pine  seeds  (Krug- 

man 1967).  Changes  in  both  auxin  and  gibberel- 
lin  concentration  are  correlated  with  meriste- 
matic  activity  in  different  parts  of  the  seed. 
With  active  cell  enlargement  and  divisions  in 
both  the  female  gametophyte  and  embryo  there 
is  increased  hormone  synthesis  (Krugman 
1965;  Banerjee  1968).  Increase  in  gibberellin 
concentration  is  associated  with  active  embryo 
development  in  sugar  pine  (Pinus  lamhertiana 
Dougl.)  and  with  the  endosperm  in  ginkgo 
(Ginkgo  biloba  L.)  (Banerjee  1968). 

Similar  fluctuation  in  hormones  occur  during 
the  development  of  fruit  and  seed  of  angiosperm 
species.  In  peach  (Prunns  persica  L.)  gibberel- 

lins which  are  essential  for  fruit  set,  growth, 
and  development  reach  a  miximum  when  the 
fruit  attains  its  maximum  size  and  when  the 
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Table  2. — Composition  of  various  tree  seeds  based  on  dry  weights.^ 

Carbohydrates  Other  Mois- 
Species                                                           Ash        Protein        Fat        Total  sub-  ture 

   Soluble    Insoluble   stances  "  content 
Percent    Percent    Percent  Percent    Percent    Percent  Percent  Percent 

Acorns  1  month  old,  without  pericarp : 
Chestnut  oak            2.26           8.50           4.57  14.83         32.20         47.03  37.64  91.2 
Northern  red  oak           2.62           7.16         22.50  10.58         23.89         34.47  33.25  49.0 
Scarlet  oak           2.06           7.75         30.83  9.41         24.26         33.67  25.69  35.0 
White  oak           2.56           7.42           6.81  10.47         47.93         58.40  24.81  65.4 

Without  seed  coat: 
Digger  pine      .._._.         5.0           29.6           56.6                                   8.8     5.1 
Swiss  stone  pine            3.05         17.24         50.25  16.84           7.43         24.27  5.19            
Pinyon           2.9           15.1           64.1                                 17.9     3.4 
Norway  spruce            4.74         19.12         35.31  5.43           7.00         12.43  28.40            

'  From  Table  1,  USDA  Forest  Service  1948. 
'  Included  crude  fiber,  tannin,  etc. 

seed  is  still  enlarging  (Ogawa  1965).  In  English 
oak  (Quercus  robur  L.)  the  auxins  decreased 
with  seed  maturation  after  reaching  a  maxi- 

mum in  the  immature  seed.  Highest  levels  were 
found  in  the  embryo  of  the  immature  seed 
(Michalski  1969).  Even  though  the  sequence 
in  the  development  process  may  differ,  hor- 

mones were  correlated  closely  with  meristematic 
activity  in  both  the  fruit  and  seed. 

Much  less  is  known  about  the  cytokinins,  nat- 
ural cell  division  regulators.  They  are  com- 

monly isolated  from  nutritive  tissue,  such  as 
the  fruits  of  buckeye  (Aesculus)  (Steward  and 
Shantz  1959),  the  endosperm  of  ginkgo  (Ginkgo 
biloba  L. )  (Banerjee  1968),  the  immature  seeds 
from  second  year  cones  of  Scots  pine  (Pinus 
sylvestris  L.)  (Rogozinska  1967),  and  the  endo- 

sperm of  peach  {Prunus  persica  L.)  (Powell  and 
Pratt  1964).  The  changes  in  concentration  of 
cytokinins  follow  the  same  pattern  as  the  gib- 
berellins — they  are  found  in  highest  concentra- 

tion in  the  immature  seed.  In  Ginkgo  they  as- 
cumulate  in  and  apparently  are  essential  for 
normal  endosperm  development  (Banerjee 
1968). 

Metabolic  Changes 
Concurrent  with  anatomical  development  of 

the  embryo,  numerous  food  storage  activities 
are  taking  place.  Soluble  organic  compounds 
such  as  simple  sugars,  fatty  acids,  and  amino 
acids  are  gradually  converted  into  more  complex 
carbohydrates,  proteins,  oils,  and  fats  (Konar 
1958  a,  b).  In  an  oily  seed  such  as  noble  fir 
{Abies  procera  Rehd.),  a  reduction  in  reducing 
sugars,  starch,  and  soluble  nitrogen,  and  an  in- 

crease in  crude-fat  occurs  during  maturation.  In 
pines,  lipid  reserves  increase  rapidly  in  the  de- 

veloping seed,  first  appearing  in  the  gameto- 
phyte,  then  in  the  embryo  (Konar  1958  a,  b). 
Nitrogenous  reserve  compounds  also  increase 
rapidly.  For  example,  in  Japanese  black  pine 
{Pinus  thimbergiana  Pari.),  an  initial  accumu- 

lation of  glutelin  is  followed  by  an  accumulation 

of  albumin  (Katsuta  1961a).  Albumin  is  the 
major  protein  of  the  fully  mature  embryo,  and 
glutelin  is  the  major  protein  in  the  endosperm 
in  both  Japanese  red  pine  {Pinus  densiflora 
Sieb.  and  Zucc),  and  black  pine  {P.  tJmnber- 
giana  Pari.)  (Katsuta  1959).  Both  asparagine 
and  arginine — storage  forms  of  nitrogen — are 
major  components  of  the  nitrogen  fraction  in 
maturing  seeds  of  ginkgo  {Ginkgo  biloba  L.) 
(Hatano  1955),  and  European  linden  {Tilia 
cordata  Mill.)   (Schubert  1961). 

Lipids  (fats)  are  the  main  food  reserve  in 
most  tree  seeds  (table  2).  Some  pine  species 
contain  as  much  as  50  percent  lipid,  mainly  in 
the  endosperm.  Seed  lipids  consist  mainly  of 
triglycerides  of  the  unsaturated  acids,  oleic, 
linoleic,  and  linolenic.  Saturated  fatty  acids 
make  up  less  than  10  percent  of  the  lipid  frac- 

tion (Mirov  1967).  In  mature  noble  fir  {Abies 
procera  (Dougl.)  Lindl.),  approximately  25  to 
30  percent  of  the  storage  material  is  in  the  form 
of  crude-fat,  with  storage  proteins  constituting 
6  to  7  percent  (Rediske  and  Nicholson  1965). 
On  the  other  hand,  acorns  are  high  in  carbohy- 

drates and  relativelv  low  in  protein  and  lipids 
(table  2). 

Both  organic  and  inorganic  constituents  vary 
between  species  of  the  same  genus  and  even  be- 

tween trees  of  the  same  species  from  different 
geographic  sources  (tables  3  and  4).  Differences 

Table  3. — Inoyganic  constituents  of  seeds  of 
Norway  spruce  (Picea  abies  (L.)  Karst.) 

from  different  geographic  origins  ̂  

Seed  source Composition  of  whole  seed 
P.O.,        K.  0        MgO     Total  N 

Percent   Percent  Percent  Percent 
Northern  Wisconsin        1.99          0.94          0.66  3.17 
Southern  Wisconsin  -      2.11          0.82          0.78  2.25 
Sweden        1.85          0.96          0.65  3.21 
Austria                              1.78          0.92          0.78  3.22 

'  Modified  from  Youngberg  1950. 
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Table  4. — Soluble  sugar  and  lyrotein  content  of 
seeds  of  Jack  pine  (Pinus  banksiana  Lamb.) 

from  different  geographic  locations  ̂  
Em bryo Endos 

Soluble 
perm 

Seed  source Soluble Soluble Soluble 
sugar 

protein 
sugar 

protein 
percent 

Mg/Mg 

powder 
percent 

Mg/Mg 

powder Wisconsin  Dells, 
Wise. 7.87 35.6 3.21 16.6 

Marl  Lake,  Mich. 8.86 36.6 3.13 17.2 

Reindeer  Lake, 
Sask   12.56 38.9 4.41 

19.2 

Wrigley,  N.W.T. -    11.37 38.1 4.65 19.2 

'  Modified  from  Durzan  and  Chalupa  1968. 

in  composition  are  the  result  of  inherent  genetic 
differences,  as  well  as  the  result  of  differences 
in  climatic  and  edaphic  conditions  under  which 
seeds  mature  (Durzan  and  Chalupa  1968). 

GENERAL  TYPES  AND 
CLASSIFICATION 

OF  MATURE  FRUITS 

Fruits  of  trees  and  shrubs  are  of  three  gen- 
eral types — dry  fruits  that  release  their  seeds  at 

maturity;  dry  fruits,  usually  one-seeded,  that 
are  separated  from  the  plant  without  releasing 
their  seeds;  and  fleshy  fruits  that  drop  with 
their  seeds  enclosed.  Each  of  these  general  types 

requires  different  collection  and  pi'ocessing 
methods  that  are  described  in  Chapter  V.  These 
three  general  types  also  constitute  the  basis  for 
the  following  commonly  used  classification 
scheme  for  fruits.  The  generic  examples  listed 
here  are  illustrated  either  in  Part  2  or  in  the 
pages  of  color  photographs  inserted  into  this 
chapter. 

Gymnosperms 

Dry  strobili  (cones)  bearing  naked  seeds  that 
are  released  at  maturity  as  in  fir 
( Abies ),  most  pines  (Pinus),  and 
hemlock  (Tsuga). 

Fleshy  fruits  each  consisting  of  a  fleshy  arillike 
structure  enclosing  a  single  seed 
as  in  ginkgo  (Ginkgo),  yew 
(Taxus),  and  torreya  (Torreya): 
also  the  berrylike  strobilus  of  jun- 

iper (Jtmipe7-7is). 

Angiosperms 

Dry  dehiscent  fruits — pericarp  dry  and  split- 
ting open  when  ripe  to  release  the 

enclosed  seeds. 

capsule — two  or  more  fused  carpels  that 
split  at  maturity  to   release  their 

seeds  as  in  mountain-laurel  (Kal- 
mia),  golden-rain-tree  ( Koelrc  (it- 

er ia),  and  Cottonwood  (Populus). 

pod  (legume) — splitting  along  two  sutures 
as  in  redbud  (Cercis),  honey  locust 
(Gleditsia),  and  locust  (Robinia). 

follicle — splitting  along  one  suture  as  in 
Magyiolia. 

Dry  indehiscent  fruits — pericarp  dry  but  not 
splitting  open  when  ripe;  seeds  not 
separable  from  the  pericarp  with 
conventional  extraction  and  clean- 

ing equipment. 
achene — small,  hard,  one-seeded  fruit  with 

seed  attached  to  the  ovary  wall  at 

only  one  point  as  in  cliffrose  (Cow- 
a)na)  and  eriogonum  (Eriogonum) ; 
or  pericarp  fused  with  calyx  tube, 
and  embryo  completely  filling  the 
ovarian  cavity  as  in  sagebrush 
{Artemisia)  and  rabbitbrush 
(  Chriisothamnus) . 

nut — one-seeded  fruit  with  a  woody  or 
leathery  pericarp;  generally  par- 

tially or  wholly  encased  in  a  husk 
(involucre)  as  in  oak  (Quercus) , 

hickory  (Carya),  and  hazel  (Cory- lus). 

samara — pericarp  modified  to  form  a  wing- 
like outgrowth  as  in  maple  (Acer), 

ash  (Fraxinus),  and  elm  (Ulmns). 

Fleshy  fruits 

berry — pericarp  consisting  of  skin  en- 
closing a  fleshy  or  pulpy  mass 

containing  one  or  more  seeds  as 

in  barberry  (Berberis),  persim- 
mon (Diospyros),  and  gooseberry 

(Ribes). 

drupe  (stone  fruit) — pericarp  usually  in  3 
distinct  layers;  the  outer  layer 

(exocarp)  forming  a  skin,  the  mid- 
dle layer  (mesocarp)  fleshy,  and 

the  inner  layer  (endocarp)  stony; 
endocarp  is  not  readily  separable 
from  the  seed  as  in  the  stones  of 
dogwood  ( Cor  nil  s)  and  cherry 
(Primus). 

pome — many-seeded  fruit  of  the  apple  fam- 
ily consisting  of  an  enlarged  fleshy 

receptacle  surrounding  the  peri- 
carp ;  pericarp  papery  and  fleshy  as 

in  pear  (Pijnis)  or  hard  and  stony 
as  in  hawthorn  (Crataegiis). 

achenes  in  a  fleshy  perianth  as  in  Russian- 
olive  (Elaeagnns)  and  buffaloberry 
(Shepherdia). 

berrylike  fruit,  berrylike  drupe,  drupa- 
ceous fruit,  and  drupaceous  berry — 

fleshy  fruits  that  have  not  been 
classified  according  to  this  scheme. 
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RIPENESS  AND  DISPERSAL 

Fruits  should  be  collected  when  they  are  ripe 
and  before  their  seeds  have  been  dispersed.  Few 
rigid  rules  can  be  established  to  determine  when 

a  given  species'  seed  is  mature  and  ready  for 
collection,  since  so  much  depends  on  the  vary- 

ing environmental  conditions  under  which  the 
seed  is  developing.  However,  physical  conditions 
of  the  fruit  such  as  changing  size,  shape, 
weight,  and  color,  or  the  size  or  firmness  of  the 
seed  and  its  parts,  can  serve  as  useful  visual 
guides.  Biochemical  criteria  of  seed  maturity 
also  proves  useful  for  some  selected  species.  A 
number  of  indices  of  ripeness  have  been  de- 

veloped and  are  used  to  assist  collectors  in  har- 
vesting a  mature  seed  crop  at  the  correct  time. 

The  separation  and  opening  of  the  cones  is  an 
obvious  indication  of  seed  maturity  for  conifers. 
Likewise,  scattered  dropping  of  ripe  fruit  is 
evidence  that  the  main  crop  is  near  maturity. 
However,  since  cone  openings,  seed  shedding, 
or  fruit  drop,  can  be  very  rapid,  such  evidence 
of  maturity  cannot  be  relied  on  when  large 
collections  must  be  made  over  a  period  of  time. 
Thus  indicators  of  fruit  and  cone  ripeness  have 
been  developed  which  permits  the  early  collec- 

tion of  mature  seed. 

Indices  of  Ripeness 
Physical  indices  of  fruit  or  seed  ripeness  are 

by  far  the  most  commonly  used  indicators.  Nor- 
mally, it  is  expedient  just  to  employ  certain 

visual  estimates  of  fruit  or  even  seed  maturity. 
For  the  most  part,  these  are  subjective  esti- 

mates of  maturity  whose  success  often  depends 
on  the  experience  of  the  collector.  Specific  grav- 

ity is  a  more  objective  index  of  seed  maturity 
and  is  based  on  the  water  loss  during  matura- 

tion. While  chemical  changes  can  be  used  as  an 
indicator  of  maturity,  they  require  complicated 
laboratory  techniques  for  determination  and, 
thus,  are  not  often  used  by  seed  collectors.  How- 

ever, when  large  collections  are  planned  a 
knowledge  of  the  correlation  between  biochemi- 

cal constituents  and  seed  maturity  can  be  of 
advantage. 

Fortunately,  seed  maturation  is  often  accom- 
panied by  recognizable  changes  in  the  size, 

color,  taste,  odor,  and  texture  of  the  fruit  and 
the  seed.  Berries,  drupes,  and  other  fleshy 
fruits  which  depend  on  animal  agencies  for 
seed  dispersal  during  ripening  turn  from  green 
to  such  colors  as:  red — barberry  (Berberis) : 
orange — common  persimmon  (Diospyros  vir- 
giniariaL.)  ;  blue — alternate-leaf  dogwood  (Cor- 
nus  alternifolia  L.)  ;  purple — serviceberry 
(Amelanchier) ;  or  white — snowberry  (Sym- 
phoricarpos  albi(s  Duham.).  These  and  many 
other  species  of  colorful,  ripe  fruits  are  illus- 

trated  in   the  color  plates   inserted   into  this 

chapter.  The  flesh,  originally  green,  dry,  sour, 
bitter,  or  astringent,  may  become  yellow  or  red- 

dish, juicy,  and  often  edible.  Other  fruits,  such 
as  those  whose  seeds  are  wind-dispersed,  usually 
change  from  green  to  straw  color  or  brown  as 
with  yellow-poplar  {Liriodendroyi  tulipifera  L.). 
Not  all  fleshy  fruits  are  green  during  late  im- 

maturity, some  may  turn  from  white,  red,  blue, 
or  yellow  to  scarlet,  purple,  or  black  as  currant 
(Ribes) ;  straw  to  red  as  olive  (Olea).  The  fruit 
of  some  species  may  even  remain  green  and 
not  change  color  at  maturity — Jojoba  (Sim- 
viondsia).  Among  conifers  the  change  in  fruit 
color  also  can  be  a  useful  index  of  ripeness.  For 
instance,  in  juniper  (Jiiniperiis)  fruits,  the 
change  to  a  deep  blue  color  is  a  good  index  of 
ripeness  (Stoeckeler  and  Slabaugh  1965).  A 
purpling  in  balsam  fir  {Abies  balsamea  (L.) 
Mill.)  cones  suggest  maturity  (Stoeckeler  and 
Jones  1957).  Among  the  pines,  white  pine 
(Pinus  strobus  L.)  seed  are  mature  when  the 
cone  turns  yellowish  green  with  brown  on  the 
scale  tips;  red  pine  (P.  resinosa  Ait.)  cones  are 
ripe  when  they  turn  purplish  with  brown  on  the 
scale  tips;  and  jack  pine  (P.  banksiana  Lamb.) 
cones  are  ripe  when  half  or  more  of  the  cone 
surface  is  brown  (Stoeckeler  and  Jones  1957). 

With  experience,  the  firmness  of  the  fleshy 
fruit  can  be  a  good  indication  of  maturity.  The 
fruit  should  be  hard  and  of  full  size.  There  are 
also  some  useful  physical  characteristics  of  the 
seed  that  can  be  used  as  indices  of  maturity.  In 
the  case  of  most  conifers  and  many  angiosperms 
the  seedcoat  should  be  hard  and  firm,  and  brown 
to  black  in  color.  The  seed  contents  should  be 
solid,  and  nutlike,  rather  than  soft,  gelatinous 
or  milky.  The  mature  conifer  embryo  should 
occupy  at  least  three-fourths  of  the  embryo  cav- 

ity. For  some  broadleaf  species,  fully  ripened 
seeds  cannot  be  determined  with  certainty  until 
seed  dispersal  begins.  This  is  especially  true  for 
the  oaks  and  poplars  (Stoeckeler  and  Jones 1957). 

As  conifer  cones  and  seeds  ripen,  the  cones' 
specific  gravity  decrease  because  of  loss  of  wa- 

ter. Once  the  relationship  between  seed  maturity 
and  specific  gravity  of  freshly  picked  cones  has 
been  established,  then  a  container  of  a  suitable 
liquid  of  a  known  specific  gravity  can  be  car- 

ried into  the  field  for  testing  relative  specific 
gravity  of  a  sample  of  cones.  Flotation  liquids 
specific  gravity  indices  have  been  developed  for 
cones  of  several  species  of  Abies  and  Pinus 
(Part  2),  and  Picea  (Chapter  V). 

As  the  seed  matures  a  number  of  measurable 
chemical  changes  take  place.  By  correlating  the 
relative  amounts  of  selected  biochemical  con- 

stituents with  seed  maturity,  a  biochemical  in- 
dex of  ripeness  can  be  developed.  Such  an  index 

is  of  use  when  large  seed  collections  are  planned 
for  a  species  in  a  given  area.  For  Douglas-fir 
(Pseudotsuga  menziesii  (Mirb.)  Franco),  as  an 
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example,  the  reducing  sugar  content  was  found 
to  be  a  good  indicator  of  maturity  (Rediske 
1961).  While  for  noble  fir  (Abies  procera  Rehd.) 
a  crude-fat  content  greater  than  25  percent  in- 

dicated that  the  seed  will  be  viable  if  properly 
afterripened  (Rediske  and  Nicholson  1965). 

Dispersal  Season  and  Duration 

Of  prime  importance  in  planning  seed  collec- 
tions is  a  knowledge  of  when  and  how  seeds  are 

dispersed.  Seeds  of  most  tree  and  shrub  species 
are  shed  and  dispersed  after  the  fruits  are  ma- 

ture in  the  fall  or  early  winter  months.  Some 
shedding  can  be  extended  into  the  early  spring. 
Conifers  tend  to  shed  the  bulk  of  their  seeds  in 
the  fall  or  during  the  winter  months.  There  are 
some  exceptions ;  for  example,  a  few  of  the  trop- 

ical pines,  as  well  as  some  of  the  closed-cone 
pines,  will  shed  their  seeds  in  the  spring  as  do 
some  species  of  juniper  (Juniperus).  Angio- 
sperm  species  for  the  most  part  shed  their  seeds 
in  the  fall  or  winter  months,  but  there  are  nu- 

merous exceptions.  Some  species  of  eucalyptus 
(Eucalyptus)  for  example,  shed  their  seeds  in 
fall,  mountain-gum  (E.  dalrympleana  Maiden)  ; 
in  the  spring,  shining-gum  {E.  nitens  Maiden), 
or  even  all  year,  blackbutt  {E.  pilularis  Sm). 
There  are  species  of  birch  (Betula)  and  maple 
(Acer)  which  shed  their  seeds  in  the  spring  or 
early  summer,  and  those  of  ceanothus  (Ceano- 
fhns)  shed  their  seeds  in  midsummer.  Details  on 
seed  dispersal  for  individual  species  are  pro- 

vided in  Part  2. 

Seeds  are  often  rapidly  dispersed  once  the 
fruit  is  mature.  The  seeds  of  most  pines  for  ex- 

ample are  shed  within  a  few  days  to  a  few  weeks 
after  the  cones  are  matured  and  opened.  Torrey 
pine,  Pinus  torreyana  Parry,  however,  has 
heavy  massive  cones  that  open  slowly  and  the 
seeds  are  shed  over  a  period  of  several  months. 
Among  the  closed-cone  pines  the  mature  cone 
and  seed  may  remain  on  the  tree  for  months  and 
even  years  before  the  seeds  are  shed.  In  a  few 
pines  as  whitebark  pine  {Pinus  albicaulis 
Engelm.),  seeds  are  dispersed  only  after  the 
detached  cones  disintegrate,  and  this  may  take 
many  months.  Seeds  of  the  true  firs  (Ahies) 
are  shed  when  the  mature  cone  rapidly  disinte- 

grates on  the  tree.  Mature  fruit  and  seeds  of 
junipers  (Juniperus)  may  persist  on  the  tree 
for  a  few  months  to  even  a  few  years.  However, 
one  should  not  depend  on  this  feature,  since  the 
berries  are  often  rapidly  consumed  by  birds. 
Angiosperm  seeds  also  vary  considerably  in 
their  shedding  duration.  For  example,  the  ma- 

ture seeds  of  eucalyptus  (Eucali/ptus)  may  re- 
main on  the  tree  for  several  weeks  to  several 

months  and  the  same  is  true  for  olive  (Olea). 
The  mature  seed  of  acacia  (Acacia)  remains  in 
the  fallen  pod  for  an  extended  period  of  time, 
making  it  possible  to  collect  them  even  after 

they  have  fallen.  Most  angiosperms  species  will, 
however,  shed  their  seeds  rapidly  when  the  fruit 
matures.  With  ceanothus  (Ceanothus)  the  ripe 
seeds  are  ejected  with  considerable  force  once 
the  pods  are  mature ;  thus,  collection  must  be 
completed  before  the  pods  are  completely  ma- 

ture, or  it  is  virtually  impossible  to  collect  the 
seed.  The  seeds  of  many  species  with  fleshy 
fruits  are  shed  often  over  a  period  of  time  as 
the  fruit  decays  either  on  the  tree  or  on  the 
ground.  However,  they  should  be  collected 
quickly  to  avoid  excessive  losses  to  animals. 

Modes  of  Dispersal 

The  perpetuation  and  extension  of  many  spe- 
cies is  maintained  when  seeds  are  dispersed  be- 

yond the  plant  that  bore  them.  There  are  varied 
means  of  dispersal,  and  a  knowledge  of  these 
dispersal  methods  can  often  prove  of  value  to 
the  collector  if  he  can  take  advantage  of  the  dis- 

persal mechanism  to  harvest  the  crop.  The  ma- 
jor agencies  of  seed  dispersal  can  be  conven- 

iently grouped  into  wind,  animals,  water,  and 
gravity  (Pijl  1969). 

Wind  is  a  very  effective  dispersal  agent  for 
light,  small  seeds  or  fruits.  Seeds  of  rhododen- 

dron (Rhododendroyi)  or  eucalyptus  (Eucalyp- 
ttis)  are  extremely  minute  powdery  seeds  that 
are  shaken  out  of  dehiscent  capsules  and  blown 
about  and  away  much  like  dust.  The  pods  of  a 
few  leguminous  trees  such  as  redbud  (Cercis) 
are  torn  loose  and  carried  by  strong  winds.  Most 
seeds  or  fruits  which  are  wind  dispersed,  how- 

ever, have  structural  modifications  which  assist 
their  flight.  The  most  common  flight  structure 
is  the  wing.  The  wing  can  be  of  a  single,  flat 

terminal  type  as  in  the  pines  (Pinus)  or  a  sin- 
gle, flat  marginal  type  as  with  birch  (Betula). 

The  hairy  outgrowths  of  the  seedcoat  of  catalpa 
(Catalpa),  the  flatish  expansions  of  the  ovary 
wall  of  maple  (Acer),  and  the  plumelike  out- 

growths of  the  seedcoat  of  willow  (SaU.r)  all 
serve  to  prolong  flight.  Wind  dispersed  seeds  or 
fruits  are  widely  scattered  and  may  travel  con- 

siderable distances. 

Birds  may  consume  a  large  portion  of  a  crop 
of  edible  small-seeded  fleshy  fruits  and  carry 

them  to  a  great  distance.  Often  these  seeds  ai'e 
regurgitated  or  passed  intact  through  their  di- 

gestive tracts,  for  instance  those  of  junipers 
(Juniperus).  Seeds  and  fruits  which  are  favor- 

ites of  birds  should  be  collected  promptly  when 
the  seeds  mature  to  avoid  excessive  losses. 

Squirrels,  mice,  and  some  birds  frequently 
hoard  more  seeds  than  they  can  eat.  Squirrels 
harvest  mostly  the  seed  or  cones  of  conifers  and 
most  nut  fruits;  mice  collect  mostly  compara- 

tively small  seed ;  birds  may,  in  some  instances, 
store  acorns  and  some  seeds.  Collection  can  be 
made  from  animal  caches  if  such  collections  are 
made  suflficiently  late  in  the  fall  to  insure  that 
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the  seeds  are  mature.  Immature  seed  will  be 
harvested  and  stored  by  animals  so  care  must 
be  taken.  Even  so,  good  germination  has  been 
obtained  from  seed  collected  from  squirrel 
caches  (Schubert  et  al.  1970). 

Seeds  are  also  dispersed  by  running  water 
and  gravity.  Many  flood-plain  species ,  even 
though  they  have  other  means  of  dispersal,  are 
widely  distributed  by  rain  or  running  water ;  as 
with  willow  (Salix),  cottonwood  (Popiihf^),  and 
birch  (Betula).  Large  and  heavy  fruits  are 
distributed  to  some  extent  by  gravity,  especially 
on  steep  slopes.  Other  methods  as  the  forceful 
ejection  of  seeds  from  the  fruit  is  rare  in  trees, 
but  does  occur  as  with  witchhazel  (Hamamelis). 

FACTORS  AFFECTING  FLOWER, 
FRUIT,  AND  SEED  PRODUCTION 

The  collective  destruction  of  the  seed  crop  by 
adverse  physiological  and  weather  conditions 
and  by  biological  agents  is  severe,  even  though 
flowers,  fruits,  cones,  and  seeds  of  trees  and 
shrubs  are  produced  in  great  abundance.  From 
the  time  of  flower  bud  initiation  until  the  fruits 
or  cones  are  mature,  the  flowers  and  developing 
seeds  are  subjected  to  adversities  caused  by 
local  weather  conditions  and  continuous  depre- 

dation by  insects,  mammals,  birds,  and  diseases. 
The  timing  and  severity  of  frosts,  heat, 

drought,  hail,  or  wind  all  directly  affect  fruit 
and  seed  production.  These  same  climatic  fac- 

tors and  biological  agents  also  affect  the  post- 
dispersal  fate  of  fruits  and  seeds,  but  this  topic 
is  beyond  the  scope  of  this  discussion. 

Physiological  Factors 
The  exceptional  demands  made  on  the  tree 

during  the  period  of  rapid  fruit  development 
may  result  in  extensive  fruit  drop.  This  is  a 
well-known  phenomenon  in  fruit  trees  such  as 
apple  and  cherry  and  occurs  with  other  species. 
In  white  oak  {Quercus  alba  L.),  for  example, 
approximately  96  percent  of  the  acorn  crop 
dropped  prematurely  in  two  study  years  (Wil- 

liamson 1966).  A  somewhat  similar  phenom- 
enon occurs  among  pines  (Pi){i(s)  where  a  high 

rate  of  conelet  abortion  may  occur  both  before 
and  after  pollination  (Sweet  and  Bollmann 
1970).  The  causes  of  fruit  or  conelet  drop  are 
not  well  understood,  but  they  can  be  at  least 
partially  attributed  to  a  competition  for  a  lim- 

ited supply  of  nutrients  between  the  fruit  or 
conelet  and  the  vegetative  buds. 

Weather 

Clearly,  climatic  conditions  have  an  important 
influence  in  the  development  of  seeds.  For  high 
seed  production,  flowering  must  take  place  after 

the  last  frost,  and  fruits  and  seeds  must  mature 
prior  to  the  low  winter  temperatures;  or  in 
those  species  whose  fruit  require  more  than  one 
season  to  mature,  the  developing  fruit  must  be 
dormant  during  the  low  temperature  periods. 
Thus  flowering  and  fruit  ripening  must  be 
synchronized  properly  with  the  yearly  climatic 
cycle.  Should  this  cycle  be  interrupted  by  un- 
seasonal  or  extreme  conditions,  the  maturation 
process  is  disturbed  and  fruit  and  seed  produc- 

tion is  reduced. 

Freezing  temperature  during  spring  is  often 
a  principal  cause  of  flower  and  early  fruit  mor- 

tality. Low  temperatures  rarely  kill  the  entire 
crop,  since  there  are  often  differences  associated 
with  topography  and  elevation  which  would  pro- 

vide some  protection  (Hard  1963).  In  addition, 
developing  fruit  are  normally  at  various  stages 
of  development  and  some  stages  are  less  sus- 

ceptible than  others  to  low  temperature  (Krug- 
man  1966b).  For  example,  pine  conelets  are 
most  susceptible  to  frost  damage  before  pollina- 

tion, when  they  are  rapidly  elongating  and  not 
protected  by  bud  scales.  Freezing  spring  tem- 

peratures may  also  reduce  the  number  of  sound 
seeds  in  the  fruits  that  survive.  Either  certain 
ovules  are  killed  or  the  pollen  is  made  sterile, 
which  causes  ovule  abortion  at  a  later  stage  of 
development  or  the  fertilization  process  is  dis- 

turbed (Andersson  1965).  Temperatures  which 
may  not  be  suflficiently  low  to  kill  the  developing 
fruit  or  seed  may  well  be  adequate  to  prevent 
the  embryo  from  developing  at  time  of  seed 
shed  (Andersson  1965).  Such  seeds,  even  after 
a  pregermination  treatment,  may  not  germinate. 

Extremely  high  temperatures  also  can  have 
an  adverse  affect  on  the  seed  crop.  It  can  kill 
the  flowers  and  fruits  outright,  or  so  disturb 
the  normal  development  sequence  as  to  cause  a 
delayed  fruit  or  seed  abortion.  Normally,  high 
temperature  effects  appear  to  be  less  than  those 
of  low  temperatures. 

More  or  less  continuous  precipitation  during 
flower  development  and  pollen  dispersal  has  a 
very  direct  effect  on  seed  production.  By  reduc- 

ing or  even  preventing  adequate  pollination, 
flower,  fruit,  and  seed  abortion  can  be  nearly 
complete.  Likewise,  the  lack  of  adequate  mois- 

ture, drought,  can  severely  reduce  fruit  and 
seed  production  (Pawsey  1960).  Drought  can 
lead  to  excessive  seed  abortions  without  a  total 
loss  of  the  fruit.  Inadequate  moisture  can  lead 
also  to  a  late  premature  fruit  drop  before  the 
seeds  are  mature. 

Strong  winds  can  destroy  flowers  and  fruits 
at  any  time.  Hail,  like  wind,  directly  and  me- 

chanically destroys  the  crop.  The  whole  crop  is 
not  destroyed,  but  such  damage  can  still  be  ex- 

cessive and  seriously  reduce  a  stand  of  trees  as 
a  source  of  fruit  and  seed. 
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Biotic  Agents 

The  flowers,  fruits  and  seeds  of  virtually  all 
trees  and  shrubs  are  exposed  during  some  phase 
of  development  to  direct  damage  by  a  biological 
agent.  The  extent  of  actual  seed  crop  destruction 
may  be  complete  at  times,  partial,  or  of  minor 
significance.  Many  insects,  birds,  and  most 
mammals  are  dependent  at  some  time  on  fruits 
and  seeds  as  their  prime  source  of  nutrition. 
Diseases  of  developing  flov^'ers,  fruits,  and 
seeds  appear  to  be  of  lesser  importance  in  their 
destruction  than  that  of  animals. 

Insects 

Insects  are  probably  the  most  important 
biotic  agents  reducing  fruit  and  seed  pro- 

duction of  trees  and  shrubs.  They  are  damaging 
in  the  developing  bud,  cone,  or  flower,  fruit 
and  seed,  and  even  in  exti'acted  and  cleaned 
seed.  Seeds  of  both  angiosperm  and  gymno- 
sperm  are  attacked  equally,  and  few  tree  spe- 

cies, if  any,  are  free  from  insect  depredation. 
The  impact  of  insect  damage  is  most  noticeable 
in  light  seed  years,  often  greatly  damaging  or 
destroying  the  entire  crop  in  a  given  area 
(Barnes  et  al.  1962).  At  other  times,  crop  dam- 

age is  only  local.  Damage  to  ponderosa  pine 
(Plnus  ponderosa  Laws.)  in  1963  by  scarabaeid 

beetles  (Dichelonyx  crotchilioi"n.)  was  detected 
only  in  one  seed  production  area  where  the 
adults  were  found  feeding  on  newly  emerged 
conelets  (Koerber  1968).  Similar  damage  has 
not  been  reported  before  nor  since.  In  contrast, 
damage  caused  by  the  cone  beetles  (Co)ioph- 
thorus  sp.)  to  the  cone  of  pines  (Pinus)  can  be 
extensive  and  occur  frequently  over  the  whole 
plant  species  range  (Keen  1958). 

Insects  that  damage  flowers,  fruits,  and  seeds 
of  most  trees  and  shrubs  are  restricted  largely 
to  six  orders  :  the  moths  (Lepidoptera) ,  the  flies 
(Diptera),  the  beetles  (Coleoptera),  the  wasps 
(Hymenoptera) ,  true  bugs  (Hemiptera),  the 
thrips  (Thysanoptera).  They  are  listed  roughly 
in  order  of  their  destructiveness  (Stark  1960). 

Relatively  few  insects  attack  the  reproduc- 
tive bud  and  immature  female  cones  of  conifers. 

One  such  group  of  insects  that  does  is  the  thrips, 
such  as  Gnophothrips  piniphilus  Cwfd.  which 
killed  up  to  20  percent  of  a  slash  pine  {Pbnis 
elliottii  Engelm.  var.  cUiottii)  crop  in  Florida 
through  feeding  on  the  female  flower  buds  and 

young  cones  (DeBarr  1969;  Ebel  1961  ;  Hoek- 
stra  et  al.  1961).  Insects  such  as  the  flower 

thrips  (Fraiikliniella  tritici  Fitch)  or  the  saw- 
flies  of  the  genus  Xyela  are  known  to  infest  the 
male  conelets  of  many  pine  species,  but  these 
latter  insects  appear  to  do  very  little  actual 
damage  mainly  iDecause  of  the  abundance  of 
male  conelets  (Ebel  1963). 

Numerous  insects  damage  or  destroy  cones 
and  fruits.  Insects  of  the  genus  Dioryctria  (cone 
worms)  are  typical  of  cone  feeders.  The  larvae 
bore  large,  tortuous  food  channels  through  the 
young  cones  and  destroy  both  seeds  and  cone 
scales.  Often  the  cone  axis  is  severed,  and  the 

distal  part  of  the  cone  dies.  Cone  worms  {Dio- 
ryctria sp.)  have  been  known  to  damage  as 

much  as  60  percent  of  the  maturing  slash  pine 
{Pinus  elliottii  Engelm.  var.  elliottii)  and  long- 
leaf  pine  (P.  palustris  Mill.)  crop  in  seed  pro- 

duction areas  in  the  South  (Hoekstra  et  al. 
1961) .  A  similar  type  of  destruction  is  caused  by 
the  cone  beetle  {Conophtliorus  sp.).  These 
beetles  attack  immature  second-year  cones.  The 
adult  beetle  kills  the  cone  by  severing  the  water 
conducting  elements  of  the  cone  axis  when  feed- 

ing and  preparing  egg  galleries  (Keen  1958). 
Whole  seed  crops  can  be  destroyed  by  this  in- 

sect (Hoekstra  et  al.  1961). 

Nuts,  acorns,  and  samai'as,  including  those  of 
oaks  (QiiercKs)  and  certain  ashes  (Fraxinus), 
are  frequently  infested  by  the  legless  larvae  of 
weevils  (Curcnlio).  Eggs  are  deposited  in  the 
fall  before  the  fruit  matures.  The  larvae  de- 

velop and  feed  on  the  endosperm  and  develop- 
ing embryo,  eventually  destroying  them.  In  ad- 

dition, damage  to  the  acorn  by  the  weevil  per- 
mits invasion  by  the  acorn  moth  {Valentina 

(llandulfUd  Riley)  (Brezner  1960).  Acorns  of 
all  species  are  also  attacked  by  weevils  of  the 
genus  Co)iotracheliis.  Larvae  of  this  genus  may 
destroy  the  entire  acorn  or  only  partly  damage 
it  (Gikson  1964).  Developing  ash  samaras  are 
destroyed  frequently  by  the  larvae  of  ash  seed 
weevils  {Thysanocnemis  bischoffii  Blatchely) 
and  {Thysanocnemis  helvala  Leconte)  (Barger 
and  Davidson  1967). 

The  most  common  type  of  seed  injury  is  feed- 
ing within  the  cone  and  fruit  or  within  the  seed 

bv  the  larvae  of  an  insect.  Typical  examples 
of  these  are  the  seed  moths  and  seed  chal- 
cids,  which  feed  mainly  in  the  seeds.  The  cone 
beetles  and  cone  worms  feed  all  through  the 
cone.  The  seed  moths  (Lnspeyresia)  are  one 

of  the  most  important  groups  of  conifer  .seed- 
destroying  insects.  Larval  feeding  is  limited  to 
the  seed  for  mo.st  members  of  this  group.  The 
cones  open  normally  and  since  only  part  of  the 
seeds  are  destroyed  the  uninjured  seeds  are  re- 

leased (Ebel  1963;  Hard  1964).  An  example  of 
the  direct  attack  on  the  seed  is  that  of  the 

chalcid  wasp  {Mcgastifimiis  spermotrophus 
Wachl.).  The  female  adult  inserts  its  long  ovi- 

positor through  the  cone  scales  of  Douglas-fir 
{Pseiidntsi(f/a  moiziesii  (Mirb.)  Franco)  to  de- 

posit an  Qgg  in  a  developing  seed ;  the  resulting 
larva  soon  destroys  its  contents  (Johnson  and 
Hedlin  1967)  ;  while  the  leaf-footed  bug  (Lepto- 
fjlossus)  feeds  directly  on  pine  seeds  by  means 
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of  its  long  tubular  mouth  parts  (Krugman  and 
Koerber  1969). 

Some  insects  do  not  attack  or  destroy  the  seed 
directly,  but  by  their  activity  in  the  cone  may 
prevent  seed  development  and /or  seed  extrac- 

tion. This  type  of  injury  is  caused  commonly  by 
midges,  such  as  the  Douglas-fir  cone  midge 
{Contarinia  oregonensis  Foote).  Eggs  are  laid 
near  the  developing  seed  and  the  larvae  tunnels 
into  the  scale  tissue,  causing  galls  to  form  ad- 

jacent to  the  seed.  Gall  formation  may  prevent 
normal  seed  development  or  it  may  cause  seed 
fusion  to  the  cone  scale  making  seed  extraction 
very  diflicult.  Even  when  seed  were  extracted 
successfully  from  cones  infested  by  midges,  seed 
viability  may  have  been  reduced  by  the  insect 
activity  (Johnson  1963).  Reduced  viability 
caused  indirectly  by  insect  activity  is  often  over- 

looked in  assessing  insect  damage. 

Birds 

Birds  feed  on  flowers,  fruits,  and  seeds  of 
most  trees  and  shrubs.  For  some,  such  as  the 
smaller  song  birds,  fruits  and  seeds  constitute 
a  major  part  of  their  diet.  Many  larger  birds 
are  omnivorous  feeders  that  adapt  their  food 
habits  to  the  changing  season  and  the  available 
food  supply  (Saunders  1964).  For  example,  dur- 

ing fall  and  winter  months  eastern  crows  {Cor- 
vus  brachyrhynchos  Brehm.)  feed  on  maturing 
fruits  of  shrubs  and  trees,  such  as  wild  cherry 
(Prunns),  and  dogwood  (Cornus)  (Bent  1946). 
In  addition,  to  their  regular  diet  of  beetles, 
larvae,  and  grubs,  the  woodpeckers  (Campephi- 
lus)  also  feed  on  persimmon  fruits  (Diospyros), 
acorns  (Quercus),  pecans  (Carya),  and  seeds  of 
southern  magnolia  (Magnolia)  (Bent  1939). 
Mourning  doves  (Zenaidura)  will  extract  seeds 
from  cones  still  on  the  tree,  as  well  as  from  the 
forest  floor  (Abbott  1966).  Considering  the 
relative  large  quantities  of  fruits  and  seeds 
usually  available,  that  consumed  by  birds  over 
a  large  area  is  most  often  slight. 

Some  bird  species  with  gregarious  social  hab- 
its and  preferences  for  fruits  and  seeds  may 

destroy  a  seed  crop  in  a  local  area.  A  flock  of 
pinyon  jays  {Gymnorhimis  cyanocephala  Wied) 
whose  favorite  food  is  pinyon  seeds  {Pinus 
edidis  Engelm.)  may  completely  consume  the 
crop  in  a  given  area.  This  species  feeds  on  young 
cones  too,  reducing  the  subsequent  crop.  When 
available,  pinyon  jays  also  feed  on  fruits  of 
juniper  (Juniperus)  and  boxelder  (Acer  ne- 
gundo  L.)  (Bent  1946).  The  California  jay 
(Aphelocoma  coerulescens  caHfoniica  Vigors) 
feeds  heavily  on  both  domestic  and  wild  fruits 
and  shows  a  high  preference  for  acorns  in  the 
summer  and  fall  (Bent  1946).  The  California 
woodpecker  (Melanerpes  formicivoria  bairdi 
Ridgway),  also  known  as  the  California  acorn- 
storing  woodpecker,  may  severely  reduce  the 

acorn  crop  in  its  feeding  area.  Acorns  a :  the 

largest  single  item  in  this  species'  food  jply 
(Bent   1939).    Clark's   nutcracker    (Niicmn 
Columbiana  Wilson)  normally  feeds  on  irp, 
but  in  late  summer  it  turns  to  pine  seeds,  loor 
crops  of  whitebark  pine  {Pinus  albicaulim 
gelm.)   in  some  areas  of  California  are   Iten 
attributed   to    cone   destruction    by   this     ro. 
Clark's  nutcracker  also  feeds  on  berries  of  i-  \ 
per   (Juniperus)    (Davis  and  Williams  1!1) 
The  western  robin   {Turdus  ynigraUirius   ro- !  t| 
pinquus  Ridgway)  may  feed  all  winter  on  kit 
of  Pacific  madrone  (Arbutus  menziesii  Puilii 
and  are  well-known  pests  in  commercial  ch  w 
orchards  (Bent  1949). 

Some  birds  may  have  an  additional  impac 
feeding  on  buds  and  flowers.  For  example,  jhe 
sooty  grouse  (Dendragapus  fuliginosus  fulic, 
sus  Ridgway)  feeds  on  needles,  buds,  and  lile 
.strobili  of  ponderosa  pine  (Pinus  ponde.fn 
Laws.)  as  well  as  on  poplar  flowers  (Popul 
manzanita  berries  ( Arctostaphylos )  and  fn 
of  alder  (Alnus)  (Bent  1932).  The  spirfje 
grouse  (Canachites  canadensis  L.)  feeds  on  b 
of  spruce  (Picea),  fir  (Abies),  and  laili 

(Larix)  as  well  as  on  berries  (Bent  1932).  'le orchard  oriole  (Icterus  spurius  L.)  and  relald 
snecies  eat  stamens  in  blossoms  of  fruit  tr  is 
(Bent  1958). 

Essentially,  bird  damage  to  flowers,  fru  |, 
and  seeds  is  usually  of  local  importance  a 
with  few  exceptions  does  not  seriously  aff 
crop  production.   Consumption  after  disper; 
may,  at  times,  severely  deplete  the  seed  avs. 
able  for  natural  regeneration. 

Mammals 

Many  diff"erent  mammals  consume  fruits  ai seeds  as  part  of  their  diet.  Normally,  they  v 
most  of  their  gathering  of  fruits  and  seeds  fc 
lowing   dispersal ;    e.g.,    ground    squirrels    ar 
chipmunks.  Those  mammals  which  do  feed  c 
fruits  and  seeds  prior  to  dispersal  usually  c 
not  destroy  the  complete  crop  in  their  feedin 
areas.   Various   species   of  squirrels   represer 
the  most  serious  threat  to  the   seed   crop   i 
virtually  all  parts  of  the  country.  In  Californij 
52  percent  of  the  ponderosa  pine  (Pinus  pon 
derosa  Laws.)  cones  and  56  percent  of  the  suga 
pine  (P.  lambertiana  Dougl.)  cones  in  a  givei 
area  were  desti'oyed  prior  to  cone  maturity  bj 
the  Douglas  pine  squirrel  (Tamiasciurus  doug 
lasii  Blackman)   (Fowells  and  Schubert  1956) 
In  the  Lake  States  the  red  squirrel  has  con- 

tributed   to    crop    failures     (Schantz-Hansen 
1945),  and  in  the  northern  Rocky  Mountains  60 
to  89  percent  of  the  crop  on  individual  pon- 

derosa pine  trees  has  been  destroyed  by  the  red 
squirrel  (Tamiasciurus  hndsonicus)   (Squillace 
1953).  In  the  Pacific   Northwest,  the  feeding 
habits  of  the  Douglas  squirrel   (Tamiasciurus 
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douglasii  Blackman)  as  well  as  other  species 
adversely  affect  the  cone  crop  of  Pacific  silver 
fir  (Abies  amabilis  Dougl.). 

In  addition  to  reducing  the  crop  by  direct 
harvesting,  squirrels  cut  and  feed  on  branches, 
thus  destroying  both  buds  and  first-year  cones 
(Franklin  1964,  Zobel  1969).  In  the  early 
spring,  the  Douglas  squirrel  also  feeds  on 
ripening  pollen  buds  after  severing  branch 
tips  (Lawrence  et  al.  1961).  In  northwestern 
Montana,  squirrels  often  cut  branches  of  pon- 
derosa  pine  {Finns  ponderosa  Laws.)  during 
the  winter  to  feed  on  cambium.  By  so  doing,  they 
reduce  or  eliminate  the  cone  crop  for  several 
years  (Adams  1955).  Similar  types  of  damage 
have  been  reported  for  red  pine  and  other  spe- 

cies (Abbott  and  Belig  1961 ;  Roe  1948). 
Bears,  raccoon,  in  fact,  most  mammals  feed 

on  the  ripe  fruit  and  seeds  prior  to  their  dis- 
persal to  some  extent.  Normally  these  animals 

do  not  severely  deplete  the  seed  crop  in  a  large 
area. 

Diseases 

Flowers,  fruits,  and  seeds  are  constantly  ex- 
posed to  fungal  spores  and  bacteria.  For  the 

most  part  these  organisms  remain  harmless, 
but  under  certain  circumstances  pathogenic 
ones  can  become  active  (Peace  1962).  Most  com- 

monly, fungi  and  bacteria  attack  the  catkins, 
fruits,  or  cones.  The  seeds  may  not  be  attacked 
directly,  but  the  results  are  still  the  same — the 
amount  of  viable  seed  is  reduced  (table  5). 
Among  the  important  diseases  of  conifers  are 

the  cone  rusts  (table  5).  Cone  crops  are  prob- 

ably never  completely  destroyed  by  rusts,  but 
in  high  value  seed-producing  areas,  cone  rusts 
can  be  a  serious  problem.  Typically,  rust  de- 

stroys the  cones  of  the  pines  (Pinus) ,  hemlock 
(Tsuga),  and  spruces  (Picea);  in  addition,  in- 

sects may  be  attracted  to  diseased  cones  and 
then  destroy  adjacent  healthy  ones  (Merkel 
1958).  Among  the  southeastern  pines,  Cronart- 
imn  strobilinvm  (Arth.)  Hedg.  and  Hahn  is 
the  most  important  cone  disease.  First-year 
cones  become  infected  as  they  emerge  from  the 
buds  swelling  often  to  the  size  of  a  second-year 
cone.  Diseased  cones  become  very  conspicuously 
bright  yellow  in  color  with  aeciospores  of  the 
fungus.  By  fall  diseased  cones  die  and  most  drop 
from  the  tree,  but  a  few  mummified  ones  may  re- 

main (Hedgecock  et  al.  1922).  A  reduction  by 
rusts  in  seed  crop  by  as  much  as  60  percent  has 
been  reported  (Foster  1956). 
Among  other  diseases  that  attack  fruits  are 

XantJiomonas  jnglandis  (Pierce)  Dowson  on 
walnut  (Juglans)  (Wormald  1930).  and  Glom- 
erella  cingulata  (Stonem.)  Spauld.  and  Schrenk 
on  Chinese  chestnut  {Casta7iea  mollissrnia  Bl.) 
(Fowler  and  Berry  1958).  In  the  latter  disease 
the  first  visible  symptom  is  a  browning  of  the 
burrs,  which  starts  several  weeks  before  the 
seeds  mature.  On  some  trees  over  20  percent  of 
the  nuts  are  destroyed.  Bacteria  belonging  to 
the  soft-rot  group  Erwinia  cause  rot  in  the 
acorns  of  both  California  live  oak  (Quercus 
agrifoUa  Nee)  and  interior  live  oak  {Qtiercus 
wislizeui  A.  DC.)  (Hilbebrand  and  Schroth 
1967),  while  Taphrinas  pruni  (Fekl.)  Tol.  at- 

tacks the  fruit  of  plums  (Pnvnus),  causing  the 

Table  5. — Some  diseases  affecting  tree  ayid  shrub  seed  production 

Species Disease Structure 
attacked Reference 

Alnus  rubra  Bong    Taphri7ias  amentorum  (Sad.)  Rostr. 
A.  rubra  Bong.          T.  occidentalis  Ray     
A.  sinuata  (Reg.)  Rydb.         do-     
A.  serrulafa  (Ait.)  Willd.    T.  robinsoniana  Gies       
Populus  sp    T.  johansonii  Sad   
Abies  balsamea  (L.)  Mill    Sclerotinia  kerneri  (Wettstein)   
A.  lasiocarpa  (Hook)   Nutt.   do  _  _.         
Aesciilus  hippocastanum  L      Guignardia  aesculi  (Peck)  Stew   
Castanea  molHssima  Bl     GloynereUa  cingulata  (Stonem.) 

Spauld  &  Schrenk. 
Juglans  regia  L.          Xanthomunus  juglandis  (Pierce) 

Dowson. 
Prunus  sp    Taphrinas  pruni  (Fckl.)  Tul     
Quercus  agrifolia  Nee    Erwinia  sp.   
Q.  wislizeni  A.  DC   do   
Picea  sp    Chrysomyxa  pyrolae  Rostr     
P.  sitchensis  (Bong.)  Carr     C.  monesis  Zill       
Pinus  eUiottii  Engelm  Cronartium  strobilinmn  (Arth.) 

Hedg.  &  Hahn. 
P.  palustris  Mill     ..do    
P.  leiophylla  Schiede  &  Deppe..  C.  conigenum  (Pat)  Hedg.  &  Hunt 

Female  catkin 
..  .-do   
......do     

do     
do       

Staminate  cone 
do   

Fruit     

do   

Boyce  1948. 
Do. 
Do. 
Do. 
Do. 

Cash  1941. Do. 

Orton  1931. 
Fowler  and  Berry  1958. 

do      Wormald  1930. 

Tsuga  canadensis  L.      Melampsora  farlotvii  (Arth.)  Davis 
Do         M.  abietis-canadensis  (Farl.)  Ludw. 

Ulmus  sp    Gloeosporium  ulmicolum  Miles   

..do 

  do.. 
..  .  do.. 

Cone. 
do. do 

do. do 

..  do.- 
.     do 

Seed 

Boyce  1948. 
Hildebrand  and  Schroth  1967 Do. 

Peace  1962. 
Ziller  1954. 

Maloy  and  Matthews  1960. 
Do. 

Hedgcock,  Hahn,  and  Hunt 
1922. 

Hepting  and  Toole  1939. Peace  1962. Do. 
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fruit  to  become  swollen  and  hollow  (Boyce 
1948). 

A  few  diseases  infect  the  female  catkins  and 
staminate  cones.  Alders  (Ahms)  throughout 
their  range  are  infected  b?/  Taphrmas  sp.  This 
fungus  causes  a  deformation  with  the  scales  of 
the  diseased  catkin  enlarging  greatly  (Boyce 
1948).  The  staminate  cones  of  true  firs  (Abies) 
are  infected  and  can  be  damaged  by  the  rust 
Sclerotinia  (Cash  1941).  However,  relatively 
little  is  known  about  other  diseases  of  catkins  or 
conelets  of  most  trees  and  shrubs. 

Maturing  tree  flowers  and  seeds  have  other 
diseases  that  have  not  been  serious  enough  to 
gain  attention  and  study  by  pathologists.  But 
with  an  increasing  demand  for  seed,  and  a 
greater  effort  devoted  to  the  management  of 
seed  producing  stands,  more  attention  in  the 
future  must  be  directed  toward  identifying  and 
preventing  disease  which  may  adversely  affect 
seed  production. 

Major  forest  diseases  attack  the  vegetative 
portions  of  the  tree.  Hence  they  reduce  vigor 
and  adversely  affect  crop  production.  Major 
tree  and  shrub  diseases  are  not  passed,  however, 
from  the  diseased  plant  through  the  seed  to  the 
next  generation.  But,  trees  which  are  badly 
diseased  or  deformed  should  be  avoided,  since 
their  seed  crop  is  often  reduced  in  quantity  and 
quality.  But  of  more  importance,  most  trees  and 
some  shrub  species  have  been  shown  to  possess 
genetic  strains  which  have  some  degree  of  re- 
sistants  to  certain  diseases.  To  take  advantage 
of  this  situation,  it  is  best  to  collect  only  from 
healthy  trees. 

DORMANCY 

Sound  and  uninjured  seeds  of  approximately 
two-thirds  of  American  tree  species  fail  to  ger- 

minate after  processing  when  placed  under  con- 
ditions considered  adequate  for  germination. 

Such  seeds  are  said  to  be  dormant.  In  some 
dormant  seeds  morphological  changes  must  take 
place  before  germination  can  start.  For  others, 
parts  of  the  seed,  most  often  the  embryo  and 
less  often  the  endosperm,  must  undergo  physio- 

logical changes  before  a  germination  readiness 
state  is  reached.  Under  natural  conditions  nec- 

essary morphological  and  physiological  changes 
take  place  gradually  under  varying  combina- 

tions of  aeration,  moisture,  temperature,  and 
light.  By  duplicating  key  conditions  of  the  nat- 

ural environment  in  the  laboratory  or  nursery, 
dormant  seeds  can  be  induced  to  germinate 
within  a  reasonable  length  of  time. 

Occurrence 

Dormancy  is  a  vague  and  relative  term,  be- 
cause the  mechanisms  restricting  germination 

vary  widely  by  species  (Roller  1964).  Dormancy 

61, 

is  normally  the  result  of  the  interaction 
posed  environmental  conditions  and  the  1 1 
tary  properties  of  the  plant.  But  under 
conditions,  either  the  hereditary  propertjs 
environmental  conditions  can  predominat 
example,  heritable  characters  of  dormancii 
pear  to  predominate  as  with  certain  loi 
pines  {Pinus  taeda  L.),  where  dormancy  \| 
between  individual  trees  at  a  given  site  bui 
constant  for  4  years  in  individual  trees 
Lemore  and  Barnett  1966).  Differences  i 
gree  of  seed  dormancy  between  individual 

have  also  been  suggested  for  Douglas-fir  ('4 dotsugamenziesn  (Mirb.)  Franco)  (Allen 

1962).  Dormancy  resulting  from  interactioijof 
strong  environmental  conditions  and  tree- ge- 

netics is,  however,  more  common.  Eastern  vlite 
pine  (Pinus  strob^ts  L.)  seeds  from  nortin 

sources  are  considerably  less  dormant  'an 
those  of  southern  sources  (Fowler  and  Dw  ht 
1964;  Mergen  1963).  While  for  sugar  mile 

(Acer  saccharum  Marsh.)  (Kriebel  19'| 
European  ash  (Fraxiyius  excelsior  L.)  (V;^ 
sona  1956),  sweetgum  (Liquidambar)  (Wijll 
1968;  Winstead  and  Belk  1968),  and  sycan* 
(Platanns)  (Webb  and  Farmer  1968)  the  mle 
northern  seed  sources  are  often  more  dormi|t 
than  southern  seed  sources. 

Dormancy  may  also  result  from  the  envir| 
mental  conditions  prevailing  during  seed  ri 
turation.   As  noted   earlier,   low  temperatu 
may  delay  embryo  developm.ent,  resulting  ill 
dormant  seed.  Moisture  and  relative  humid 
prevailing  during  seed  maturation  also  influerJ 
occurrence  of  dormancy.  Black  locust  (Robitl 

pseudoacacia  L.)    seeds  developed   under  re'. 
tively   moist    conditions    are    only   moderate-;] 
dormant ;  those  maturing  under  arid  conditio: 
may  be  completely  dormant    (Gassner   1938?! 
Doi'mancy  may  also  arise  from  conditions  o| 
curring  during  harvesting,  extraction,  and  sto 
age   (McLemore  and  Barnett  1966;  KrugmaJ 

1966).  Too  rapid  a  drying  or  drying  at  ver"] 
high  temperatures  can  induce  a  dormant  cond 
tion   in  an  essentially  nondormant  seed.   Pre 
longed  storage  will,  at  times,  result  in  dorman ' seeds. 

Although  more  frequent  in  a  few  families 
seed  dormancy  shovv's  no  direct  relationship  t( 
taxonomy  (Mirov  1936).  Species  of  the  same 
genus  differ  widely  in  their  dormancy,  as  ir 
pine  (Pinus),  where  sugar  pine  (Pinus  laber- 
tiaim  Dougl.)  normally  is  dormant  and  knob- 
cone  pine  (P.  attenvata  Lemm.)  is  not.  In 
Quercus,  white  oaks  often  have  nondormant 
acorns,  but  the  red  oaks  have  dormant  acorns 
(Korstian  1927).  Thus,  it  may  not  always  be 
possible  to  predict  the  occurrence,  nature,  or 
the  degree  of  dormancy  in  all  species.  Nor  can 
the  nature  of  the  dormancy  be  predicted  readily 
from  the  location  of  the  seed  source. 
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Causes 

Nondormant  seeds  readily  pass  through  three 
germination  stages:  (1)  imbibition  of  water, 
(2)  activation  of  metabolic  processes,  and  (3) 
growth  of  the  embryo.  A  state  of  dormancy 
exists  if  any  of  these  stages  are  blocked.  Dor- 

mant seeds  with  impermeable  seedcoats  cannot 
imbibe  the  necessary  water.  Most  other  dormant 
seeds  imbibe  water  satisfactorily  but  their  ger- 

mination is  blocked  at  .stage  2.  The  type  of 
dormancy,  physiological  or  physical,  is  defined 
by  the  nature  of  the  changes  necessary  to  re- 

move the  germination  block (s).  The  two  types 
of  dormancy  are  closely  related.  In  fact,  both 
types  may  occur  at  the  same  time  in  some  seeds 
and  be  mutually  dependent  and  thus  not  readily 
separated  (Barton  1965). 

Physiological  Dormancy 

Physiological  dormancy,  also  known  as  en- 
dogenous or  internal  dormancy,  is  related  to  the 

physiological  condition  of  anatomically  mature 
seed  which  cannot  grow  until  certain  physiologi- 

cal changes  are  induced  after  seed  dispersal  or 
harvest.  Physiological  changes  are  often  neces- 

sary in  the  embryo,  as  in  eastern  redcedar 
(Juniperus  virgin  tana  L.)  ;  but  for  some  species, 
such  as  red  oak  (Quercus  rubra  L.)  or  sugar 
maple  (Acer  saccJiaruni  Marsh.),  changes  mu.st 
occur  in  the  cotyledons  or  endosperm  (Cox 
1942).  Physiological  dormancy  would  also  in- 

clude those  seeds  where  a  germination  inhibitor 
is  present  in  the  seed;  as  with  ash  (Fraxi)ius). 
The  internal  changes  taking  place  while  allevi- 

ating physiological  dormancy  have  been  widely 
investigated,  but  underlying  causes  are  still 
little  understood. 

In  those  seeds  with  an  embi'yo  capable  of 
germinating  if  removed  from  the  seed,  dor- 

mancy is  commonly  associated  with  inability  of 
the  embryo  to  mobilize  and  utilize  reserve  ma- 

terial from  the  endosperm  or  cotyledons.  With 
the  amelioration  of  dormancy,  a  series  of  events 

occur  which  triggei-  the  mobilization  of  storage 
products  in  either  the  endosperm  or  cotyledons, 
and  these  are  made  available  to  the  embryo  as 
usable  chemical  constituents  for  cell  division 
and  elongation.  Metabolism  at  this  time  is  char- 

acterized by  rapid  changes  from  storage  to 
soluble  forms  of  amino  acids,  organic  acids, 
carbohydrates,  and  phosphates.  In  mountain  ash 
(SorJws)  or  havvd:horn  (Crataegvs)  lipid  stor- 

age materials  disappear  and  enzyme  activity 
increases  especially  in  catalase  and  peroxidase 
during  pretreatment  (Flemion  1933).  But  it  has 
not  been  possible  to  establish  the  exact  relation- 

ship between  observed  biochemical  changes  and 
the  actual  ending  of  dormancy. 

In  seeds  with  a  dormant  embryo,  the  physio- 
logical block  appears  to  be  associated  with  a 

restriction  in  respiration,  as  in  eastern  redcedar 

{Juniperus  virginiana  L.)  (Stokes  1965).  Dor- 
mancy may  also  be  due  to  the  presence  of  a 

germination  inhibitor  or  lack  a  germination 

promoter,  which  must  be  formed  befoi-e  ger- 
mination (Barton  1965). 

Special  forms  of  physiological  dormancy  are 
encountered  among  seeds  of  the  Rosaceae.  The 
embryos  of  peach  (Prunus),  apple  (Mains), 
and  hawthorn  (Crataegus)  have  embryos  which 
are  only  partially  dormant.  When  removed  from 

the  seed  and  grown  at  68°  F.  or  above,  dwarf 
seedlings  are  formed.  Normal  grov^^th  and  de- 

velopment can  be  obtained  by  exposing  these 

dwarfs  to  32  to  41°  F.  for  60  days,  then  return- 
ing them  to  68°  F.  or  higher.  With  some  species, 

such  as  American  cranberrybush  {Viburnum 
trilobum  Marsh.),  roots  are  produced  at  room 
temperatures,  but  the  shoot  fails  to  elongate  if 
kept  at  these  temperatures.  A  growth  inhibitor 
may  be  present  in  the  cotyledons  which  prevents 
the  epicotyl  from  elongating.  Dormancy  can  be 
relieved  by  complete  removal  of  cotyledons 
(Knowles  and  Zalic  1958).  In  addition,  an  expo- 

sure of  the  shoot  for  30  to  120  days  at  a  temper- 
ature of  41°  F.  will  also  remove  the  epicotyl 

dormancy  factor,  a  possible  growth  inhibitor, 
without  the  removal  of  the  cotyledons  (Giers- bach  1937). 

Physical  Dormancy 

Physical  dormancy,  also  known  as  imposed  or 
morphological  dormancy,  is  related  to  a  mor- 

phological condition  of  the  seed  which  prevents 
germination.  Such  instances  would  be  those 
seeds  which  are  shed  with  an  immature  embryo 
and  hence  require  further  maturation  as  in 
ginkgo  (Ginkgo),  or  those  with  a  hard,  im- 

permeable seedcoat  or  other  structure  like  an 
endocarp  which  prevents  germination;  e.g., 
locust  ( Robin ia). 

If  the  embryo  had  not  reached  complete  mor- 
phological or  anatomical  maturity  at  the  time 

of  collection,  further  maturction  must  take 
place.  To  be  sure,  certain  physiological  changes 
may  also  take  place  during  the  period  of  ana- 

tomical maturation. 

An  immature  embryo  may  be  the  result  of  an 
unfavorable  environment  such  as  low  tempera- 

tures during  development.  For  some  species 
the  presence  of  an  immature  embryo  is  the  nor- 

mal result  of  seed  development  and  is  not  re- 
lated to  the  environmental  conditions  during 

maturation.  In  other  cases  the  embryo  is  es- 
sentially morphologically  complete ;  i.e.,  all  parts 

are  present,  but  must  enlarge  further  before 
normal  germination  can  take  place.  Such  is  the 
situation  with  some  European  ash  {Fraxbms 
excelsior  L.)  (Lakon  1911),  black  ash  (F.  nigra 
Marsh.)  (Steinbauer  1937),  Swiss  stone  pine 
(Finns  cembra  L.)  (Rohmeder  and  Loebel 
1940),  and  Korean  pine  (P.  koraiensis  Sieb.  and 
Zucc.)    (Asakawa  1955).  In  still  other  plants 
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the  embryo  may  be  very  rudimentary  in  a  ma- 
ture fruit  as  in  ginkgo  (Ginkgo  biloba  L.) 

(Robertson  1949),  or  in  the  extreme  case,  es- 
sentially undifferentiated  at  the  time  the  seed 

is  collected  normally,  as  with  American  holly 
(Ilex  opaca  Ait.)  (Ives  1923). 

Either  physical  or  chemical  structure  of  the 
seedcoat  and  adhering  fruit  parts  can  prevent 
or  delay  germination.  Impermeability  to  water 
and  gases  is  the  most  common  form  of  seedcoat 
dormancy  and  is  characteristic  of  certain  fam- 

ilies, such  as  the  legumes  (Legnminosae)  and  to 
a  lesser  extent  in  the  huckleberries  (Ericaceae) , 
buckthorns  (Rhamnaceae)  and  sumac  (Ana- 
cardiaceae).  In  the  genera  honeylocust  (Gledit- 
sia)  and  locust  (Rohinia) ,  seedcoat  dormancy  is 
found  in  all  the  important  tree  species.  A  hard, 
impermeable  seedcoat  may  prevent  both  im- 

bibition of  water  and  gas  exchange  in  the  seed ; 
e.g.,  black  locust  (Rohinia  pseudoacacia  L.), 
honeylocust  (Gleditsia  triacanthos  L.),  and 
sugar  sumac  (Rhus  ovata  S.  Wats.),  or  the  seed- 

coat may  be  permeable  to  moisture  but  prevent 
or  restricts  gas  exchange ;  e.g.,  eastern  white 
pine  (Pinus  strohus  L.),  or  red  ash  (Fraxinns 
pennsylvanica  Marsh.).  The  nature  of  seedcoat 
impermeability  differs  between  species.  In 
European  ash  (Fraxiyius  excelsior  L.)  the  peri- 

carp is  indehiscent,  encloses  the  seed,  and  re- 
stricts gas  exchange,  thus  preventing  or  delay- 

ing germination  (Ferenczy  1955;  Villers  1961). 
While  in  American  basswood  (Tilia  americana 
L.)  the  nucellar  membrane  appears  to  be  the 
structure  which  restricts  gas  exchange  (Spaeth 
1934). 

In  a  few  species  such  as  Korean  pine  (Piyius 
koraieusis  Sieb.  and  Zucc),  alpine-ash  (Enca- 
lyptus  delegatensis  R.  T.  Bok.),  and  cabbage 
gum  (Eucalyptus  pauciflora  Sieb.)  for  example, 
the  seedcoat  is  permeable  to  both  moisture  and 
gas  but  mechanically  restricts  the  enlargement 
and  germination  of  the  embryo  (Bachelard 
1967;  Hatano  and  Asakawa  1964). 

Seedcoats  which  are  impermeable  or  mechan- 
ically restrictive  need  not  be  unusually  thick, 

and  normally  there  is  no  special  layer  which 
prevents  moisture  or  gas  exchange.  Highly  im- 

permeable, honeylocust  (Gleditsia  triacanthos 
L.)  and  locust  (Rohinia  pseudoacacia.  L.)  seeds 
have  relatively  thin  coats.  In  honeylocust  (Gle- 

ditsia), impermeability  is  based  on  the  physical 
and  chemical  properties  of  cells  in  various  layers 
of  the  seedcoat,  not  in  a  given  cell  layer  (Ca- 
vazza  1950). 

Presence  of  a  germination  inhibitor  is  the 
least  understood  cause  of  seedcoat  dormancy. 
In  intact  seed  of  the  birches  (Betula  pubescens 
Ehrh.  and  B.  pendula  Roth),  a  light-sensitive 
germination  inhibitor  is  present  in  the  pericarp. 
When  removed  from  the  pericarp  and  testa,  un- 
chilled    embryos    will    germinate    in    complete 

darkness.  But  intact  seed  must  be  treats  |vntli  \ 
light  or  chilled  before  the  seed  germinate 
mally    (Villers    and    Wareing   1964;    W.feirig 
1965).  The  chemical  nature  of  this  bir 
hibitor  is  not  known.  But  a  germination  :  i 
tor,  a  saponin,  has  been  identified  in  foui^ 
saltbush  (Atriplex  canescens  Nutt.)  in  tht^^ 
coat  bract  (Nord  and  Van  Att  1969). 

Breaking  Dormancy 
Under  natural  conditions,  if  given  sufi 

time,  blocks  to  germination  will  be  reclfied 
either  partially  or  fully.  We  can,  however,  ,>eeii 
the  removal  of  germination  barriers  by  a.j)ly- 
ing  certain  moisture,  temperature,  and  pt 
treatments  alone  or  in  combination,  o iby 
chemical  or  mechanical  treatment  of  the  s-ld, 

Stratification 

Many  seeds  with  physiological  and/or  pifsi' 
cal  dormancy  require  exposure  to  either 
or  low  temperatures  before  being  placed  in  ijii' 
ditions  favorable  for  germination.  This  is  ee| 
cially  common  among  the  Rosaceae, 
landaceae,  and  Pinaceae.  In  most  cases  the  ;iii 
must  be  fully  imbibed  before  temperature  Im 
be  effective  in  breaking  dormancy.  The  prie- 
dure  most  often  employed  is  to  place  the  seedk 

low  temperatures  (33°  to  41°  F.)  and  unir 
moist  conditions  from  1  to  6  months — a  met|d known  as  stratification.  The  term  stratificat  In 
is  now  commonly  used  to  describe  all  formslf 
moist  conditioning  of  seeds.  1 

Seed  moisture  content  must  be  above  a  cri- 
cal  minimum,  but  water  temperature  does  vX 
appear  to  be  critical  for  most  species.  Tht(j 
are  some  exceptions.  Soaking  at  room  tempe:  ■ 
ture  is  not  recommended  for  pear  (Pyrus),  sir;  i 
it  may  reduce  germination  subsequent  to  stra.i 
fication  (Koblet  1937).  In  contrast,  for  cotoir 
aster  (Cotoneaster)  and  basswood  (Tilia),  soa 
ing  at  room  temperature  before  stratificati 
may  have  a  favorable  effect  on  subsequent  ge 
mination. 

Low  temperature  conditioning  causes  gradu 
and  progressive  internal  physiological  change 
The  effect  is  shown  both  in  the  number  of  seec 
germinated  and  in  the  time  it  takes  for  a  see 
to  germinate. 

For  many  seeds,  such  as  pines  (Pinus) ,  Doug 
las-fir  (Pseudofsuga  menziesii  (Mirb.)  Franco.) 
and  eastern  hemlock    (Tsuga  canadensis    (L 
Carr.),  germination  occurs  at  a  progressively 
wider  and  wider  range  of  temperatures  with  in 
creased  duration  of  stratification  (Hatano  anc 
Asakawa  1964).  Germination  may  occur  even  a1 
the  stratification  temperature  if  the  stratifica- 

tion period  is  sufficiently  long.  For  other  seeds, 
such  as  littleleaf  linden   (Tilia  cordata  Mill.), 
germination  capacity  decreases  with  the  length- 

ening of  the  stratification  period  (Juhnel  1957). 
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Qj._  Recommended  stratification  periods  for  individ- 
j^„  ual  species,  as  listed  in  Part  2,  vary  from  20 
jjj_   to  180  days.  The  required  period  may  also  vary 
^j|_   between  seed  lots  within  a  single  species, 
ng       In  cases  of  an  immature  embryo  a  period  of 
id-    development  of  the  seed  prior  to  germination 

is  necessary.  The  immature  embryos  as  with 
ginkgo  (Ginkgo  biloba  L.)  can  mature  under  es- 

sentially dry  conditions  and  will  do  so  during 
storage    (Hatano  and   Kano   1952).   But,  most 

^^    seeds  with  immature  embryos  benefit  from  a 
■^     period  of  moist  storage  at  warm  temperatures 
•a     (59°  to  77°  F.)  which  permit  both  enlargement 
^'     and  further  differentiation  of  the  embryo  (Wi- 
't     beck  1920).  For  Scots  pine   {Pinits  sylvestris 
y     L.),  post-shedding  development  can  be  further 

improved  by  exposing  moist  seed  to  light  (Ny- 
man  1957)  and  low  temperatures  (Simak  and 
Gustafsson   1957).   Even   after  their  embryos 
have  matured  it  still  may  be  necessary  to  fur- 

^      ther  treat  some  seeds  to  fully  alleviate  dor- 
mancy. Optimal  germination  of  European  ash 

{Fraxinus  excelsior  L.)   is  obtained  by  condi- 
tioning the  seeds  at  37°  F.  for  3  months  follow- 

ing an  initial  treatment  of  68°  F.    (Varasova 
1956).  This  suggests  the  presence  of  physiologi- 

cal dormancy  factors  in  addition  to  the  imma- 
ture embryo.  Conditioning  dormant  seeds  under 

moist  conditions  also  permits  the  leaching  of 
possible  inhibitors  from  the  seedcoat  or  fruit 
parts  adhering  to  the  seedcoat. 

Other  Methods 

Seeds  whose  coats  are  impermeable  to  mois- 
ture and  gases  must  be  treated  so  that  perme- 

ability is  increased  without  injury  to  the  em- 
bryo. Normally,  this  can  be  done  by  mechanical 

abrasion,  which  modifies  the  seedcoat  physically, 
or  an  acid  treatment  which  changes  both  its 
chemical  and  physical  structure.  For  some  spe- 

cies, such  as  sugar  sumac  (Rhus  ovata  S.  Wats.), 
subjecting  the  seed  to  heat  ruptures  the  seed- 

coat and  overcomes  imperm.eability  (Stone  and 
Juhren  1951).  In  species  such  as  common  linden 

(Tilia  eur-opaea  L.)  a  simple  depulping  which 
removes  the  pericarp  will  hasten  germination 
(Puchner  1922). 

At  times  it  may  be  necessary  to  employ  several 
treatments  to  render  the  seedcoat  permeable. 
Sulfuric  acid  treatment  alone  is  not  sufficient 

to  overcome  seedcoat  dormancy  of  bearberry 
(Arctostaphylos  uva-ursi  (L.)  Spreng.).  Seeds 

must  be  stored  in  a  moist  media  at  77°  F.  for 
30  to  60  days  following  an  acid  treatment 

(Giersbach  1937a).  However,  even  with  modifi- 
cation of  the  seedcoat,  some  seeds  still  may  not 

germinate  because  some  fonn  of  physiological 
dormancy  of  the  embryo  is  often  associated  with 
a  seedcoat  dormancy;  e.g.,  bunchberry  dogwood 
(Cornus  canadensis  L.) ;  Japanese  yew  (Taxus 

cuspidata  Sieb.  &  Zucc.)  (Barton  1939) ;  wax- 
berry  (Symplioricarpos  racemosus  Michx.) 
(Flemion  1934).  Low  temperature  stratifica- 

tion is  needed  to  complete  the  conditioning  of 
these  species. 

Many  treatments  of  seed  by  organic  and  in- 
organic chemicals  other  than  acid  have  been 

tried  to  break  dormancy.  With  the  exception  of 

certain  seeds  with  a  "hard"  seedcoat  the  suc- 
cess of  chemicals  to  stimulate  germination  has 

been  limited  most  often  to  seeds  with  a  mild 

form  of  dormancy.  Usually,  equal  or  better  suc- 
cess at  stimulating  germination  can  be  obtained 

by  conventional  stratification. 

Seedcoat  permeability  and  germination  has 
been  increased  by  soaking  seed  in  ethyl  alcohol ; 
e.g.,  acacia  (Acacia)  and  redbud  (Cercis)  (Bar- 

ton 1947),  and  by  the  use  of  xylene,  ether,  ace- 
tone, and  chloroform  (McKeever  1937).  Other 

chemicals  such  as  gibberellic  acid,  citric  acid, 
theourea,  and  hydrogen  peroxide  also  stimulated 
germination  in  some  dormant  seeds  (Ching  and 
Parker  1958;  Cotrufo  1962;  Frankland  1961; 
and  Hubbard  1958).  In  species  such  as  Japanese 
black  pine  (Pinus  thimbergiana  Franco)  and 
Scots  pine  (P.  sylvestris  L.),  the  use  of  potas- 

sium nitrate  can  replace  the  application  of  light 
as  a  condition  for  stimulating  germination 
(Asakawa  and  Inokuma  1961;  Nyman  1963). 
These  chemicals  affect  the  embryo,  not  the  seed- coat. 

For  some  small  seeded  species  the  application 
of  certain  wavelengths  of  light  (red  light)  will 
modify  seed  dormancy;  e.g.  European  white 
birch  (Betula  pubescens  Ehrh.),  Scots  pine 
(Pinus  sylvestris  L.),  and  Virginia  pine  (P. 
virf/i)iia)ui  Mill.)  (Hatano  and  Asakawa  1964). 
Seeds  must  be  moist  in  order  for  the  red  light 
to  be  effective  in  conditioning.  Since  the  first 
appearance  of  the  Woody-Plant  Seed  Manual 
in  1948,  a  number  of  additional  and  improved 
methods  for  conditioning  dormant  seed  of  most 
of  our  common  woody  plants  have  appeared  and 
these  are  given  for  each  species  in  the  second 
part  of  this  handbook. 

SEED  GERMINATION 

Events  leading  to  emergence  of  an  embryo 
and  its  subsequent  development  to  become  in- 

dependent of  its  food  reserves  is  known  as  ger- 
mination. This  series  of  events  takes  place 

shortly  after  dispersal  for  some  seeds  if  en- 
vironmental conditions  are  favorable.  If,  how- 

ever, the  proper  external  conditions  are  not 
met  the  seed  will  remain  in  a  quiescent  state — 
a  state  of  persistent  viability.  The  length  of  time 
that  a  seed  can  remain  in  a  quiescent  state  be- 

fore it  completely  loses  its  ability  to  germinate 
is  highly  variable  from  a  few  weeks  to  many 
years  (Barton  1965).  For  many  quiescent  seeds. 
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germination  takes  place  after  a  winter  expo- 
sure with  the  warming  in  the  spring. 

Germination  consists  of  three  overlapping 
processes:  (1)  Absorption  of  water  mainly  by 
imbibition,  causing  a  swelling  of  the  seed  with 
eventual  breaking  or  splitting  of  the  coat;  (2) 
concurrent  enzymatic  activity  and  increased 
respiration  and  assimilation  rates  which  signal 
the  use  of  stored  food  and  translocation  to  grow- 

ing regions;  and  (3)  cell  enlargement  and  divi- 
sions resulting  in  emergence  of  root  and  plumule 

(Evenari  1957). 

Environmental  Requirements 
A  nondormant  seed  will  germinate  if  placed 

under  conditions  of  (1)  adequate  moisture,  (2) 
favorable  temperatures,  (3)  adequate  gas  ex- 

change, and  for  some  species  (4)  light.  There 
is  an  interdependence  among  these  environ- 

mental factors  and  their  relative  influence  on 
germination  will  vary  also  with  age  of  the  seed, 
how  it  was  handled  and  stored,  its  inherent 
genetic  composition,  and  even  by  conditions  un- 

der which  it  developed. 

Moisture 

A  resting  but  viable  seed  must  absorb  water 
before  it  is  able  to  resume  digestive,  transloca- 
tory,  and  assimilatory  processes  necessary  for 

embryo  gro-wi;h.  The  addition  of  moisture  also 
renders  various  tissues  of  the  seed  more  perme- 

able for  exchange  of  oxygen  and  carbon  dioxide. 
Water  absorption  by  germinating  seeds  passes 

through  three  definable  stages:  (1)  an  initial 
rapid  absorption  of  moisture  followed  by  (2) 
a  period  of  very  little  absorption,  and  finally  (3) 
another  rapid  period  of  moisture  absorption 
(Goo  1951;  Stanley  1958).  Cells  of  Japanese 
black  pine  (Pirms  thunhergiana  Franco)  can 
actually  start  division  at  the  end  of  the  first 
absorption  period  (Goo  1952),  while  sugar  pine 
(P.  lamhertiana  Dougl.)  cells  begin  division 
during  the  second  period  of  relatively  low  mois- 

ture absorption. 

Seeds  of  many  species  absorb  water  more 
rapidly  at  higher  temperatures  (Goo  1956).  The 
absorption  rate  is  also  dependent  upon  degree 
of  seedcoat  permeability.  The  coat  may  also 
indirectly  inhibit  rate  of  absorption  by  me- 

chanically preventing  seed  tissue  from  expand- 
ing in  pace  with  moisture  uptake.  Generally, 

water  is  capable  of  passing  through  the  whole 
surface  of  the  seedcoat  (Goo  1951). 

Rate  of  water  absorption  will  vary  even  for 
species  within  the  same  genus.  After  155  hours 
of  soaking,  the  moisture  content  of  northern  red 
oak  {Quercus  rubra  L.)  acorns  rose  from  49  to 
63  percent,  but  that  of  chestnut  oak  (Quercus 
prinus  L.)  rose  from  91  to  145  percent  (USDA 
Forest  Service  1948).  Some  seeds  absorb  the 
water  required  for  germination  in  a  very  short 

period  of  time.  Scots  pine  (Pinus  sylvestris  L.) 
seeds,  for  example,  will  absorb  their  water  re- 

quirements, 35  to  37  percent,  in  48  hours  (Lakon 
1911).  But  other  trees  may  need  a  much  longer 
period.  Seeds  of  yew  {Taxus)  require  18  days 
to  reach  the  moisture  content  needed  for  ger- 

mination. On  the  other  hand,  seeds  of  sweetgum 
{Liquidamhar  stiiraciflua  L.)  and  baldcypress 
{Taxodium  distichum  (L.)  Rich.),  responded  to 
a  30-day  soak  with  increased  germination 
(Hosner  1957). 

Soaking  tree  seeds  3  to  5  days  usually  will  not 
decrease  germination.  But  care  must  be  taken 
when  longer  soaking  periods  are  used.  For  a 
number  of  upland  species,  such  as  western  red- 
cedar  {Thuja  plicata  Donn.)  and  red  pine 
(Pi7ius  resinosa  Ait.),  soaking  10  days  reduced 
germination  and  soaking  30  days  killed  the 
seeds  (Toumey  and  Durland  1923).  Unneces- 

sary soaking  should  be  avoided.  If  soaking  is 
necessary,  use  a  minimum  amount  of  water  to 
avoid  excessive  leaching  of  soluble  contents  and 
to  prevent  growth  of  microorganisms  which 
could  destroy  the  seed  during  germination. 

Temperature 

Many  tree  and  shrub  seeds  can  germinate 
over  a  wide  range  of  temperatures.  A  few  spe- 

cies have  an  optimum  which  may  vary  depend- 
ing on  the  conditioning  they  have  received.  Ger- 

mination  of  jack  pine  (Pinus  banhsiana  Lamb.) 
was  not  significantly  different  at  constant  tem- 

peratures of  60" ,  70°,  or  80°  F.  under  continuous 
light  (Ackerman  and  Farrar  1965).  Similarly 
bristlcone  pine  (Pinus  aristata  Engelm.),  Nor- 

way spruce  (Picea  abies  L.),  and  Colorado  blue 
spruce  (Picea  pungerhs  Engelm.)  germinated 
readily  at  temperatures  kept  constant  within 

the  range  60°  to  90°  F.  (Heit  1966).  Ponderosa 
pine  (Pinus  ponderosa  Laws.)  germinates  well 

at  temperatures  fluctuating  from  60°  to  75°  F. 
Other  seeds  germinate  best  in  a  specific  range 
of  temperatures.  For  example  Norway  maple 

(Acer  plat  an  aides  L.)  does  best  at  41°  to  50°  F. 
Germination  rate  of  juniper  (Juniperus)  and 

yew  (Taxus)  species  increases  between  50°  to 
60°  F.  (Heit  1966).  However,  germination  of 
most  species  is  not  directly  temperature  de- 

pendent. 
The  optimum  germination  temperatures  may 

vary  between  individual  trees  in  a  stand  as  well 
as  between  populations  of  a  given  species  (Ol- 

son et  al.  1959).  For  ponderosa  pine  (Pinus 
ponderosa  Laws.)  a  germination  temperature 

between  75°  and  86°  F.  is  optimum  for  seed 
sources  east  of  the  Rocky  Mountains,  while  a 

temperature  of  96°  F.  or  higher  was  optimum 
for  Pacific  Northwest  seed  sources  (Callaham 1959). 

Very  high  and  very  low  temperatures  prevent 
germination    of   most    tree    seed.    Pitch    pine 
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(Pinus  ngida  Mill.)  will  germinate  at  tempera- 

tures up  to  135°  F.,  but  this  ability  is  not  com- 
mon (USDA  Forest  Service  1948).  Stratified 

sugar  pine  (Pinus  lamhertiana  Dougl.)  seeds 

are  capable  of  germinating  at  35°  F.,  but  their 
rate  of  germination  is  very  slow.  Noble  fir 
{Ahies  vrocera  Rehd.)  will  also  germinate  at 

stratification  temperatures  of  33°  and  34°  F. 
(Franklin  and  Krueger  1968).  Such  species  as 
noble  fir  (Ahies  proceni  Rehd.),  Pacific  silver 
fir  (Abies  ainabilis  Dougl.)  (Stein  1951),  grand 
fir  (Abies  grandis  (Dougl.)  Lindl.),  subalpine 
fir  (A.  lasiocarpa  (Hook.)  Nutt.),  and  mountain 
hemlock  (Tsuga  mertensiana  (Bong.)  Carr.) 
have  been  found  to  germinate  on  late-persisting 
snowbanks  in  Oregon  and  Washington  (Frank- 

lin and  Krueger  1968).  But  for  most  species 
temperatures  just  above  freezing  permit  only 
a  small  percent  of  the  seeds  to  germinate  and 
these  slowly.  Germination  of  stratified  eastern 
white  pine  (Pinus  strobns  L. )  becomes  erratic 
and  low  (10  percent)  even  at  a  temperature  of 

55°  F.  (Mergen  1963). 
Temperature  regimes  prevailing  during  ger- 

mination under  nursery  and  field  conditions  are 
characterized  by  wide  fluctuations  from  below 

freezing  at  night  to  perhaps  70°  to  80°  F.  during 
the  daytime  in  the  surface  soil  containing  the 
seeds.  Seed  of  some  17  genera  and  64  species 
of  woody  plants  have  been  classified  as  being 
more  responsive  to  alternating  than  to  constant 
temperatures  (Hatano  and  Asakawa  1964). 

Temperature  alternating  diurnally  from  86°  F. 
to  68°  F.  have  been  recommended  now  for  lab- 

oratory germination  tests  on  about  100  species 
(AOSA  1965). 

Gas  Exchange 

The  respiration  which  fuels  metabolic  proc- 
esses during  germination  requires  oxygen  and 

produces  carbon  dioxide.  Thus  composition  of 
the  ambient  atmosphere  can  have  a  direct  in- 

fluence on  seed  germination  by  its  efi'ects  on  gas 
exchange  (Mayer  and  Poljakoff"-Mayber  1963). 
Most  seeds  will  not  germinate  when  the  germi- 

nation medium  is  too  wet,  when  the  seeds  are 
planted  too  deep,  or  when  other  conditions  limit 
the  supply  of  oxygen.  The  rate  of  oxygen  ab- 

sorption during  seed  germination  is  highly  var- 
iable among  species.  Eastern  cotton  wood  (Pop- 

ulus  deltoides  Bartr.)  and  black  willow  (Salix 
nigra  Marsh.)  both  normally  begin  to  germinate 
while  submerged  in  water,  but  American  elm 
(Ulmus  americana  L.)  and  sycamore  (Plataiius 
occidevtalis  L.)  do  not  (Hosner  1957).  Even  for 
Cottonwood  and  willow,  however,  a  low  rate 
of  oxygen  uptake  permits  only  the  earliest 
stages  of  germination.  Oxygen  is  essential  for 
normal  seedling  development,  and  development 
will  cease  under  conditions  of  insufficient 

oxygen  uptake. 

Normal  oxygen  uptake  follows  a  pattern  sim- 
ilar to  that  of  moisture.  For  example,  in  germi- 

nating eastern  white  pine  (Pinus  strobus  L.) 
the  .stages  are  (1)  a  short  period  of  rapid  oxy- 

gen uptake,  (2)  an  extended  period  of  gradual 
uptake,  followed  by  (3)  another  period  of  ac- 

celerated uptake  (Kozlowski  and  Gentile  1959). 
In  the  sugar  pine  (Pinus  lambertiana  Dougl.) 
embryo,  the  rapid  rise  in  oxygen  consumption 
occurred  when  water  uptake  increased,  which 
was  concurrent  with  the  active  phase  of  ger- 

mination (Stanley  1958). 

Light 

Under  natural  conditions,  seed  of  trees  and 
shrubs  frequently  become  buried  and  germinate 
without  light.  However,  light  stimulates  the 

germination  of  many  species  of  seed.  The  eff"ect of  light  depends  on  the  internal  condition  of 
the  seeds  and  the  external  factors  such  as  tem- 

perature, under  which  they  are  germinating. 
Most  seeds  must  be  moist  prior  to  exposure  to 
light,  if  light  is  to  aifect  their  germination.  An 
exception  is  Scots  pine  (Pinus  sylvestris  L.) ; 
seed  germination  was  affected  by  exposure  of 
the  seeds  to  light  when  they  were  dry  (Nyman 
1963;  Nordstrom  1953). 

The  response  of  germination  to  light  is  of 
three  types:  (1)  improved  under  continuous  or 
interrupted  light,  (2)  improved  under  brief  il- 

lumination, (3)  indifferent  to  the  presence  or 
absence  of  light. 

Germination  of  some  species  is  better  under 
continuous  light.  Both  Douglas-fir  (Pseudofsuga 
menziesii  (Mirb.)  Franco)  (Jones  1961)  and 
jack  pine  (Pinus  banksiana  Lamb.)  (Ackerman 
and  Farrar  1965)  germinate  rapidly  under  con- 

tinuous light  at  temperatures  of  70°  or  80°  F. 
Jack  pine  (Pinus  banksiana  Lamb.)  germina- 

tion was  complete  at  7  to  8  days  with  50  f.c.  of 
incandescent  light.  For  some  species,  the  alter- 

nate periods  of  light  and  dark  can  substitute  for 
continuous  light.  For  example,  Douglas-fir 
(Pseudofsuga  menziesii  (Mirb.)  Franco)  .seeds 
will  germinate  as  well  with  16  hours  of  light 
in  a  24-hour  cycle  as  in  continuous  light.  For 
species  which  respond  to  alternating  light  and 

dai'k  periods,  speed  and  amount  of  germination 
was  greatest  at  8  to  12  hours  of  light  (Jones 1961). 

Temperature  will  effect  the  length  of  the  ef- 
fective light  period.  For  example,  seeds  of 

ea.stern  hemlock  (Tsnga  eanadeusis  (L.)  )re- 

quire  a  light  period  of  16  hours  at  80°  F.,  but 
only  an  8-  to  12-hour  period  at  63'  to  71°  F. 
(Steans  and  Olson  1958).  At  some  temperatures, 
seeds  may  respond  to  an  alternation  of  light,  but 
at  other  tempeiatures  they  may  not.  Birch 
(Ecfula.  pubescens  Ehrh.)  seeds  did  not  respond 

to  alternation  of  light  and  dark  at  68°  F.,  but 
did  at  59°  F.  (Black  and  Wareing  1955).  For 
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this  species,  prechilling,  seedcoat  removal,  or 
the  use  of  an  oxygen  enriched  atmosphere  all 
replaced  the  need  of  a  light  period.  This  inter- 

action of  various  external  conditions  contrib- 
utes to  the  confusion  of  our  understanding  of 

the  effect  of  light  on  seed  germination. 
Some  seeds  respond  to  brief  exposures  of  red 

and  far-red  light.  Red  light  at  a  wavelength  of 
660  m/u,  stimulates  the  germination  of  light-sen- 

sitive seeds;  a  short  exposure  to  the  far-red 
at  a  vi^avelength  of  730  myu,  inhibits  germination. 
Among  the  tree  species  which  exhibit  a  definite 
germination  response  to  red  and  far-red  light 

are  Veitch's  silver  fir  {Abies  veitchii  Lindley), 
Nikko  fir  (A.  homole/psis  Sieb.  and  Zucc.) 
(Nagao  and  Asakawa  1963),  Sakhalin  spruce 
(Picea  glehvii  (Fr.  Schmidt.)  Masters),  Jap- 

anese black  pine  (Pinns  thunherqiana  Franco) 
(Asakawa  and  Inokuma  1961),  Scots  pine  (P. 
sylvestris  L.)  (Nyman  1963),  Virginia  pine  (P. 
virginiana  Mill.)  (Toole  et  al.  1961),  and  long- 
leaf  pine  (P.  palustris  Mill.)  (McLemore  and 
Hansbrough  1970). 

Seeds  that  respond  to  red  and  far-red  light 
contain  a  pigment  system  (phytochrome)  cap- 

able of  absorbing  light  of  these  wave  lengths 
and  converting  this  energy  by  means  of  enzy- 

matic reactions  to  initiate  or  inhibit  germina- 
tion. The  steps  of  this  energy  transfer  and  the 

essential  enzymatic  reactions  are  not  known. 
Existence  of  a  phytochrome  system  capable  of 
absorbing  red  and  far-red  light  has  been  def- 

initely demonstrated  in  tree  seeds  as  in  longleaf 
pine  (Pimis  palustris  Mill.)  (Tobin  and  Briggs 
1969). 

Some  tree  seeds  are  indifferent  to  light,  they 
germinate  equally  well  in  darkness  or  light.  Sev- 

eral seed  sources  of  red  pine  (Pinus  resinosa 
Ait.)  and  jack  pine  (P.  hanksiana  Lamb.)  ger- 

minated equally  well  at  temperatures  of  68° 
and  86°  F.  in  the  light,  or  in  the  dark  at  tem- 

peratures of  77°  or  68°  F.  (Heit  1958).  Most 
eucalyptus  (Eucalyptus)  species  do  not  require 
light  for  germination,  nor  is  light  needed  for 
germination  of  honeylocust  (Gleditsia  triacan- 
thos  L.)  or  black  locust  (Robinia  pseudoacacia 
L.)   (Heit  1968). 

Biochemical  Changes 
When  seeds  are  exposed  to  the  necessary  en- 

vironmental conditions,  the  growth  processes 
become  activated.  Chemical  changes  during 
germination  are  similar  for  both  angiosperm 
and  gymnosperm  seeds  (Ching  1966,  Firen- 
zuoli  et  al.  1968),  and  are  essentially  the  reverse 
of  those  occurring  during  seed  ripening.  Food 
material  in  the  endosperm  or  cotyledons  is  mo- 

bilized and  transferred  to  the  embryo.  In  addi- 
tion, oxygen,  water,  and  minerals  are  taken  up. 

Products  of  metabolism  provide  both  the  energy 
and  the  carbon  fragments  for  the  synthesis  of 

new  material  during  embryo  growth  (Ching 1963). 

During  the  first  stages  of  germination  insol- 
uble starch,  reserve  sugar,  and  fats  are  con- 

verted into  soluble  sugars.  At  first  starch  is 
found  in  small  quantities  in  the  embryo  and  in 
larger  amounts  in  the  endosperm  as  in  ash 
(Fraxinvs)  (Asakawa  1963).  As  germination 
proceeds,  endosperm  starch  rapidly  disappears 
but  starch  increases  in  the  embryo  (Goo  and 
Furusawa  1955).  Sucrose  increases  at  the  ex- 

pense of  the  other  sugars  as  raffinose  and 
stachyose. 

Concurrently  with  the  degradation  of  the 
stored  lipids  and  sugars,  proteins  break  down 
to  form  amino  acids  and  other  soluble  nitrogen 
compounds  (Katsuta  1961b).  Glutelin  in  the 
endosperm  is  broken  down  immediately,  but  al- 

bumin is  decomposed  gradually  (Katsuta  1959). 
As  many  as  16  different  soluble  amino  acids 
have  been  identified  in  the  germinating  pine 
seed  with  the  breakdown  of  storage  protein 
(Kano  and  Hatano  1953).  These  compounds 
contribute  to  the  new  proteins  formed  in  the 
developing  seedlings.  Little  nitrogen  actually 
accumulates  at  storage  sites  since  rapid  syn- 

thesis of  new  proteins  in  the  developing  embryo 
consumes  the  available  soluble  nitrogen  com- 

pounds (Ching  1966). 
Concurrently  with  the  changes  in  sugar  and 

proteins,  soluble  phosphorus  compounds  in- 
crease rapidly.  In  Douglas-fir  (Pseudotsuga 

menziesii  (Mirb.)  Franco)  a  40-fold  increase  in 
soluble  phosphorus  occurs  during  germination, 
mostly  from  degradation  of  stored  organic  com- 

pounds such  as  phytin.  There  is  very  little  in- 
organic phosphorus  present  in  the  seed  and 

needed  phosphorus  must  come  from  the  stored 
organic  reserves.  Phosphorus  is  essential  for 
the  energy-requiring  processes  of  respiration 
(Ching  1966). 
Germination  requires  energy  and  much  of 

the  stored  food  reserves  are  consumed  just  to 
produce  this  needed  energy.  In  fact,  seedlings 
in  their  early  stages  of  development  may  actu- 

ally weigh  less  than  the  original  seeds. 

Physical  Development 
The  early  stages  of  germination  are  similar 

in  all  seed  plants ;  first  the  swelling  of  the  seed 
followed  by  emergence  of  the  radicle  and  its 
development  into  a  primary  root.  Growth  of  the 
primary  root  is  usually  rapid,  resulting  in  firm 
contact  with  the  soil.  From  this  common  stage, 

germination  continues  either  epigeal — cotyle- 
dons appear  above  ground ;  or  hypogeal — coty- 

ledons remain  below  the  surface  (fig.  6). 

In  epigeal  germination  the  hypocotyl  elon- 
gates rapidly  and  initially  arches  upward,  then 

straightens  out,  bringing  the  cotyledons  with 
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Figure  (3. — Seed  germination.  A,  Epigeal  germination 
of  pin  cherry  (P)-Hnus  pensylvawca  L.  f.)  seedlings  at 
1  and  10  days;  and  B,  hypogeal  germination  of  Alle- 

gheny plum  (P.  allvghanicnsis  Porter)  seedlings  at 
1  and  9  days,  a,  seed;  h,  hypocotyl;  c,  radicle;  d,  cot- 

yledons; e,  epicotyl;  /',  leaves;  g,  plumule;  i,  primary root.  The  plumule  on  both  types  of  seedlings  consists 
of  the  epicotyl  and  the  emerging  leaves. 

the  seedcoat  often  still  attached  above  the 

gi'ound  as  in  pine  (Pinus).  Within  a  few  days 
the  cotyledons  expand,  forcing  their  way  out 
of  the  seedcoat  which  then  falls  to  the  ground 
still  enclosing  remains  of  the  endosperm.  In 
seeds  with  little  or  no  endosperm,  locust  (Ro- 
bhiia)  or  mesquite  (Prosopis),  and  occasionally 
in  others  the  seedcoat  is  sloughed  off  while  the 
hypocotyl  emerges.  After  the  seedcoat  is  shed, 
the  primary  photosynthetic  organs  start  to 
function  and  the  plumule  rapidly  elongates. 

In  hypogeal  germination  the  hypocotyl  does 
not  arch  following  initial  root  growth.  Instead, 
there  is  rapid  upward  development  and  elonga- 

tion of  plumule,  and  cotyledons  remains  below 
the  soil  surface  attached  to  the  seedling  until 

they  wither  away  in  weeks  or  months;  e.g., 
buckeye  (Aesculus),  oak  (Qnercus),  and  walnut 
(Juglans).  The  type  of  germination  usually  is 
constant  within  a  genus,  but  Prunus  is  an  ex- 

ception. In  black  cherry  (Primus  serotina 
Ehrh.)  germination  is  hypogeal,  but  germina- 

tion of  common  chokeberry  (Prunus  virgmiana 
L.),  a  seed  of  similar  size,  is  epigeal. 
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This  collection  of  color  photographs  includes  ripe 

fruits  of  some  of  the  species  for  which  color  is  a  cri- 
terion of  ripeness. 

Arbutus  nieuziesii 
Pacific  madrone 

Ripe  berries,  Vz    X. 



Aronia  arbutifolia 
red  chokeberry 

Clustering  may  vary  from  single  berries  (top)  to  cymes 
of  six  or  more  berries  (bottom),  1  X- 
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Berherin  koreana 
Korean  barberry 

Raceme  of  berries,  1  x . 

-f^. * 

Berberis  nervosa 

Cascades  barberry 
Raceme  of  berries,  1  X  • 

Berberis  thunbergii 

Japanese  barberry 

Single  berries  in  leaf  axils,  1  X- 
Berries  also  occur  in  umbels. 
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Chatiiaecyparis  lawsoiiiana 
Port-Orford-cedar 

Mature  cones   partially   opened   revealing   wings  of  en- 
closed seeds,  2  :■  . 

Chatuaecyparis  noolkalensis 
Alaska  cedar 
Mature  cones,  2  X. 



Coriiits  iillrriiifoUd 

alternate-leaf  dogwood 
Sinsle  dni|)e  from  a  cyme,  1  X- 

Coriiiis  florid  a 

flowering  dogwood 
Drupes  in  a  small  head,  1  X- 

Conins  ((iiiadeiiain 
l)unchberry  . 

Drupes  in  a  capitate  cyme,  1 

Coruits  raci'iiiosa 

gray  dogwood 
Drupes  in  a  paniculate  cyme,  1  X. 

Coriiii.s  iiutlallii 

Pacific  dogwood 

Drupes  in  a  dense  head,  1  X- 



Crataegus  crus-galli 
cockspur  hawthorn 
Fruits  in  a  cyme,  1  X- 

Crataegus  phaenopyrum 
Washington  hawthorn 
Fruits  in  a  cyme,  1  X- 

Crataegus  punctata 
dotted  hawthorn 

Fruits,  1  X . 

Diospyros  virgitiianu 
common  persimmon 

Mature  fruits  may  be  green  or  yellow  as  in  these  speci- 
mens (1/2  x);  but  as  ripening  progresses,  color  may 

change  to  orange  and  then  to  dark  reddish  purple  or 
black. 



Gttultheria  shaUoii 

salal 
Spike  of  fruits,  1  X- 

Euonynius  enropeaiis 

European  euonymus 

Capsules,  1  X- 

Gaylussacia  froiido.ftt 
dangleberry 
Fruits,  1  X . 

Juniperii*  cali/ornica 
California  juniper 
Cones,  1  X. 



Lihocedrns  dpcnrretis 

incense  cedar 

Mature  cone  before  opening,  2  X- 

Libocedrns  dccurreiis 
incense  cedar 

Cone  open  for  seed  release,  2  X  ■ 

Lindera  benzoin 

common  spicebush 
Single  fruits,  2  X- 

Loiiicpra  tattiricu 

Tatarian  honeysuckle 

The  yellow  berries  turn  red  when  fully  ripe,  1  X. 

Ligiislriuii  vulgare 

European  privet 
Panicle  of  berries,  1  X- 



Magnolia  aciiinitiata 
cucumber  tree 

Cone-like  fruits  are  made  up  of  follicles,  1  X- 

^ 

^^ 

Mains  floribunda 
Japanese  flowering  crabapple 
Pomes,  1  X. 

Mains  iliversi/olia 
Oregon  crab  apple 
Cluster  of  pomes,  1    X. 



Mitchella  repens 
partridgeberry 
Single  berry,  1  X- 

^ 

Osniaronia   cerasiforniis 
osoberry 

Ripe  and  near-ripe  fruits,  1   x  ;  color  changes  from  red 
to  purple  when  fully  ripe. 

PeraphyUiim  ramosissitnum 
squawapple 

Ripe  pomes,  2  X. 



Picea  breweriaiKi 

Brewer  spruce 

Mature  cone  with  normal  exudation  of  pitch,  1   X. 

Picea  inariana 
black  spruce 

Mature  cone,  1    X . 

Prunus  tontentosa 

Manchu  cherry 
Mature  fruits,  1  X- 

Picea  sitchensis 

Sitka  spruce 
Mature  cone,  1  X . 



A.  Scales  are  still  green  but  bracts 

are  mostly  brown  indicating  that 
seeds   are   mature. 

B.  Both  scales  and  bracts  are 

mostly  brown  indicating  that  the 

cone  will  open  after  a  few  days  of 

warm,  dry  weather. 

C.  Cone  opening  has  started,  but 

has  not  progressed  sufficiently  to 
release  seeds. 

S'.seiidotsitga  nienziesii  var.  menzienii.  coast  Douglas-fir:  three  stages  in  the  ripening  of  mature  cones,  1  X. 

Rhaiunus  davurica 

Dahurian  buckthorn 

Cluster  of  mature  fruits,  1  X  ■ 



Kluis  Irilobatu 

skunkbush, 

Cluster  of  drupes,  1  X- 

Shepherdia  argentin 

silver  buffaloberry 

Both  red  and  yellow  fruits  contain  mature  seeds,  1   x. 

Rhus  typhina 

staghorn  sumac 
Dense  panicle  of  drupes,  Yi  X- 

Rogti  blanda 

meadow  rose 
Fruits,  1  X . 



Sorbiis  auciiparia 

European  mountain-ash 
Fruit  cluster,  1  X- 

Sytii phoricarpus  albiis  var.  laevigatas 
garden  snowberry 
Fruits  on  a  short  spike,  1  X- 

Taxiis  brevi/olia 
Pacific  yew 

Seed  surrounded  by  its  scarlet  aril,  2  X- 



^^
 

.^ 

Thuja  plicala 
western  red  cedar 

Lateral  shoot  heavily  laden  with  cones,  1  X- 

Tsuga  mertensiana 
mountain  hemlock 

Cones  scales  have  turned  purple  on  the  edges  indicating 
that  seeds  are  mature,  1  X . 

Tsuga  heterophylla 
western  hemlock 
Cones  scales  have  turned  brown  on  the  edges  indicating 
that  seeds  are  mature,  1  X. 

T»uga  heterophylla 
western  hemlock 
Cones  scales  are  mostly  brown  indicating  that  cone  will 
open  within  a  few  days,  1  x  • 



U nihellularia  californica 

California-laurel 

Green  color  fades  to  pale  yellow  as  the  fruit  becomes 
soft,  2  X . 

Vacciniutn  parvifoliutn 
red  huckleberry 

Red  berries  have  mature  seeds  but  the  smaller  whitish 

berry  is  immature,  2  X. 

Vacciniiiin  ovatuni 

box  blueberry,  evergreen  huckleberry 

Berries  change  in  color  from  dark  red  to  purple  or  black 

as  ripening  progresses,  2  X.  Berries  on  some  plants  are 
glaucous  making  them  appear  bluish  when  ripe. 



Chapter  II 

PRINCIPLES  OF  GENETIC  IMPROVEMENT  OF  SEED 

by  Hans  Nienstaedt  ^  and  E.  Bayne  Snyder  - 

A  primary  requirement  for  regeneration  of 
forest  land  is  planting  stock  from  a  seed  source 
of  proven  adaptibility  to  the  planting  site.  To 
obtain  maximum  yields,  seed  from  each  source 
must  be  planted  in  an  environment  to  which  it 
is  best  adapted.  Large  losses  in  wood  yields  have 
resulted  in  the  past  from  the  planting  of  non- 
adapted  seed.  However,  following  the  lead  of 
their  European  colleagues,  American  foresters 
have  defined  seed  zones  for  most  of  the  major 
forest  areas.  Descriptions  of  these  seed  zones 
are  based  both  on  the  actual  variation  within 
species  and  on  climatic  data.  Seed  zone  maps  for 
some  of  the  major  forested  areas  in  North 
America  are  in  Chapter  VIII. 

Increases  in  yield  and  resistance  to  disease 
can  be  achieved  through  the  selection  and  use 
of  seed  from  good  provenances.  To  put  it  in  the 
words  of  a  well-known  American  tree  geneticist : 

".  .  .  some  of  our  greatest  gains,  often  large 
enough  to  justify  the  whole  tree  improvement 
eifort,  have  come  simply  by  recognizing  and  us- 

ing the  proper  seed  source."  No  longer  is  the 
old  rule  of  thumb,  that  the  local  seed  source  is 
best,  necessarily  true;  e.g.,  seed  from  southern 
sources  of  white  pine  are  best  in  Lower  Michi- 

gan ;  and  white  spruce  from  the  lower  valley  of 
the  Ottawa  River  surpasses  by  16  percent  local 
seed  sources  in  northeastern  W  isconsin  and  ap- 

pears to  develop  well  over  a  wide  range  in 
northeastern  United  States  and  adjacent  Can- 

ada. As  a  general  rule,  seed  from  a  somewhat 
milder,  often  a  more  southern,  region  would  be 
most  likely  to  yield  more  than  the  local  seed ; 
e.g.,  seed  from  southern  sources  of  shortleaf 
pine  grow  better  than  seed  from  native  sources 
when  planted  up  to  250  miles  north  of  the  point 
of  origin.  The  disease  resistance  of  seed  from 
certain  provenances  has  also  been  put  to  use. 
Loblolly  pine  seed  from  Livingston  Parish  in 
southeastern  Louisiana  is  partially  resistant  to 
southern  fusiform  rust.  By  using  this  seed  in 

the  southei-n  two-thirds  of  Mississippi,  Ala- 
bama, and  Georgia,  a  substantial  decrease  in 

rust  incidence  and  excellent  growth  can  be 
achieved. 

'  North  Central  Forest  Exp.  Stn. 
"  Southern  Forest  Exp.  Stn. 

Observable  tree  growth  and  form — the  pheno- 
type  of  the  tree — is  a  product  of  the  interaction 
between  the  genetic  makeup  of  the  tree  and  the 
factors  of  the  environment,  i.e.,  the  growing 
space,  climatic  conditions,  soil  moisture,  and 
nutrients.  Genetic  superiority  of  an  individual 
can  find  full  expression  only  if  the  individual  is 
supplied  with  the  necessary  heat,  light,  nu- 

trients, and  moisture.  Similarly,  even  a  poor 
genetic  type  may  grow  relatively  well  if  it  is 
provided  with  optimum  growing  conditions.  In 
other  words  the  genetic  type — the  genotype — 
of  the  tree  is  like  the  size  and  stroke  of  the 

piston  and  the  ratio  of  the  gears  which  deter- 
mine the  maximum  speed  and  efficiency  with 

which  the  engine  can  operate;  while  the  en- 
vironment is  like  the  fuel  supply  which  will 

determine  the  actual  operating  speed  of  the 
engine. 

Variation  among  genotypes — genetic  varia- 
tion— is  the  I'aw  material  of  evolution  as  well 

as  the  raw  material  used  in  breeding  better 
trees.  Variation  evolves  through  the  process  of 
mutation,  whereby  the  individual  genetic  units 
— the  genes — in  the  cell  nucleus  are  changed. 
Next,  the  gene  pool  of  the  population  changes 
through  natural  selection.  Superior  genotypes 
(as  well  as  individual  genes)  gradually  increase 
in  frequency  because  they  can  utilize  the  en- 

vironment more  efficiently — they  are  better 
adapted  for  more  abundant  reproduction.  Nat- 

ural selection  improves  the  genotype  much  as 
the  engineer  improves  the  engine  by  changing 

piston  size;  superior  genotypes  increase  in  fre- 
quency much  as  the  improved  engine  with  su- 

perior pistons  takes  over  the  market. 
The  purpose  of  this  chapter  is  to  describe 

the  patterns  of  variation  in  tree  species  in  gen- 
eral terms  and  to  outline  how  to  use  it  in  a  tree 

breeding  program  to  produce  vigorous,  disease- 
and  pest-resistant  strains  of  trees.  The  scope 
of  this  chapter  is  limited  to  general  principles 

and  broad  guidelines  designed  to  help  the  seeds- 
man and  forester  seek  and  interqnet  informa- 

tion that  is  needed  to  start  a  breeding  jirogram. 
Practical  ways  of  actually  producing  genetically 
improved  seed  are  discussed  in  Chapter  III. 
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II.     GENETIC  IMPROVEMENT 

UNDERSTANDING  AND 
PRESERVING  GENETIC  VARIATION 

Effective  tree  breeding  rests  on  understand- 
ing tree  variation  in  nature  and  preserving 

such  variation  for  future  use.  Essentially,  a 
tree  breeding  program  should  be  a  research  and 
development  program.  Researchers  should  study 
the  nature  and  genetic  control  of  variation,  and 
breeders  should  use  variation  in  the  selection, 
breeding,  and  mass  production  of  improved 
trees.  Frequently  the  plant  material  will  be  used 
in  common  for  both  research  and  breeding; 
constant  feedback  betvv^een  breeders  and  re- 

searchers is  necessary  for  a  viable  and  produc- 
tive program. 

To  describe  and  analyze  genetic  variation, 
both  natural  stands  in  situ  and  trees  raised  un- 

der controlled  conditions  are  essential.  It  is 
usually  best  to  begin  the  study  of  genetic  varia- 

tion of  populations  in  situ.  Information  thus 
gained  helps  the  design  and  control  of  later 
tests.  For  example,  suppose  it  w^ere  desirable 
to  find  out  how  far  north  populations  of  a  cer- 

tain species  could  be  moved  without  lowering 
survival  and  yield.  A  researcher  might  success- 

fully solve  this  problem  simply  by  test  planting 
random  trees  from  southern  sources  various  dis- 

tances to  the  north.  However,  if  he  first  studied 
the  pattern  of  variation  of  populations  m  situ, 
his  choice  of  sources  would  be  enhanced.  Seed 
source  tests  could  be  better  designed  by  better 
sampling  of  populations.  He  would  also  accrue 
an  inventory  of  the  gene  resources  of  a  species 
and  a  catalogue  of  raw  material  for  other  types 
of  research  that  might  yield  even  greater  bene- 

fits than  his  original  goal;  e.g.,  material  for 
intra-  and  interpopulation  crosses. 

The  traits  or  characters  studied  should  not  be 
limited  to  those  with  an  obvious  advantage  to 
the  breeder.  Many  characters  show  patterns  of 
variation  and  reflect  generations  of  selection, 
adaptation,  and  possibly  species  hybridization 
of  the  tree  populations  in  their  natural  habitat. 

After  studying  variation  in  situ  the  next  step 
is  to  bring  seed  or  asexually  propagated  ma- 

terial together  in  a  controlled  or  semicontrolled 
environment.  Some  traits,  such  as  growi:h 
rhythm,  frost  hardiness,  and  rust  resistance, 
can  easily  be  investigated  during  short  studies 
in  nurseries,  greenhouses,  and  growth  cham- 

bers. For  most  characteristics,  however,  con- 
trolled short-term  studies  cannot  replace  test- 

ing under  field  conditions;  at  best  they  should 
be  considered  preliminary  screening  tests  that 
will  make  it  possible  to  reduce  the  size  and  cost 
of  field  tests. 

Large  field  tests  are  expensive  but  increase 
accuracy  and  make  it  easier  for  a  breeder  to 
select  the  best  trees.  It  is  rare  that  a  tree  breeder 
includes  too  many  replications  or  too  many  types 

to  be  tested  in  his  experiment;  tests  wtih  30  to 
100  types  and  8  to  15  replications  are  now  com- 

mon. Single-row  plots,  frequently  of  4  to  10 
trees,  are  appropriate  for  preliminary  screen- 

ing. Large  plots  should  be  used  only  for  the 
best  of  already  tested  material  or  for  material 
that  must  be  grown  for  a  substantial  part  of  the 
rotation. 

Genetic  variation  should  not  only  be  studied 
but  also  preserved  for  unseen  future  needs  in 
stands  designated  as  germ  plasm  banks.  The 
history  of  plant  breeding  indicates  that  such 
preservation  is  likely  to  have  great  economic 
and  ecological  benefits.  Often,  after  generations 
of  selection  and  breeding,  a  plateau  is  reached, 
or  sudden  susceptibility  to  an  epidemic  pest 
occurs  which  can  be  surmounted  only  by  inter- 

crossing the  varieties  with  wild  forms  from  a 
germ  plasm  bank. 

SPECIES  AND  PROVENANCE 
VARIATION 

Species-Site  Adaptation 
The  main  ingredients  of  evolution  are  varia- 

tion arising  from  various  genetic  phenomena 
such  as  mutations,  natural  selection  of  the  best 
adapted  types,  and  geographic  isolation.  To- 

day's genera,  species,  and  populations  are  the 
result.  It  follows  that  species  and  even  genera 
are  restricted  in  their  distribution — are  adapted 
— to  certain  environments.  The  spruces  (Picea) 
are,  for  example,  found  only  north  of  about 
22°  N.  latitude.  Jack  pine  (Pinus  hayiksiana)  is 
an  agressive  intolerant  pioneer  species  that 
establishes  itself  after  fire  in  full  sunlight  on 

sandy  soils  between  45°  N.  and  65°  N.  latitude 
and  between  60°  W.  and  125°  W.  longitude  in 
North  America.  Eastern  hemlock  (Tsiiga  cana- 

densis) is  also  widespread  but  restricted  to 
shady  moist  sites. 

Textbooks  on  the  silvics  of  our  commercially 
important  native  tree  species  contain  much  data 
on  general  adaptation.  Such  information  is  es- 

sential in  the  management  of  the  species  and 
determines  site  selection,  thinning  practices,  and 
regeneration  methods.  Most  foresters  probably 
have  not  recognized  the  species-site  relationship 
as  genetically  determined  adaptive  variation, 
yet  that  is  what  it  is.  The  importance  of  match- 

ing species  and  site,  therefore,  cannot  be  over- 
emphasized. Only  by  planting  a  species  on  sites 

to  which  it  is  adapted  can  yields  be  maximized. 
This  often  was  ignored  in  the  past — and  still  is. 

Introduction  of  exotics  is  one  way  to  increase 
yields  in  managed  forest  stands.  Some  North 
American  species  have  played  a  major  role  in 
forest  management  elsewhere  in  the  world.  But 
exotics  of  economic  importance  in  the  United 
States  and  Canada  have  been  limited  to  special 
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crops  such  as  Scotch  pine  (Pinus  sylvestris) 
and  Douglas-fir  (Pseudotsuga  ineiiziesii)  (ex- 

otic to  eastern  United  States)  used  for  Christ- 
mas trees.  Some  other  species  look  promising 

experimentally;  e.g.,  Eucalyptus  in  south  Flor- 
ida and  particularly  in  California,  Picea  abies, 

Larix  dccidua,  and  L.  leptolepis  in  northeastern 
United  States  and  adjacent  Canada. 

A  much  more  common  way  of  finding  useful 
species  involves  the  extension  of  the  ranges  of 
native  species;  it  is  another  form  of  introduc- 

tion. Pines,  spruces,  firs,  and  many  hardwood 
species  have  been  planted  from  100  to  as  much 
as  1000  miles  outside  their  native  ranges  in  the 
United  States  and  Canada.  Results  have  often 
been  excellent  and  research  continues  on  a  large 
scale.  It  is  likely  that  conversion  to  more  de- 

sirable species  from  other  regions  will  gain  in 
importance  in  coming  decades. 

Species  Hybridization 
In  addition  to  using  nonnative  species  di- 

rectly, improvement  programs  also  utilize  var- 
iation at  the  species  level  to  develop  hybrids. 

Hybrid  vigor  has  been  reported  for  interspe- 
cific crosses  in  Juglans,  Pinus,  Larix  and 

others.  In  some  cases  it  should  be  possible  to 
increase  yields  by  at  least  25  percent  and  also 
impart  insect  and  disease  resistance. 

The  principle  of  species  hybridization  in  prac- 
tical breeding  programs  should  not  be  applied 

until  research  has  shown  the  superior  perform- 
ance of  the  hybrid  and  demonstrated  the  feasi- 

bility of  mass-producing  the  particular  hybrid 
seed. 

Up  to  now  species  hybridization  has  been  se- 
verely hampered  because  the  available  collec- 

tions of  the  exotics  have  not  been  representative 
of  the  species,  but  have  been  limited  to  a  few 
individuals  of  unknown  origin.  The  very  first 
essential  step  in  species  hybridization  is  to  as- 

semble an  adequate  sample  of  populations  of  the 
exotics  preferably  adapted  to  the  environment 
in  which  the  hybrids  will  be  grown.  Initially, 
the  characteristics  of  the  climatic  and  edaphic 
adaptation  of  the  species  within  its  native  range 
must  be  studed ;  for  widely  distributed  species 
this  may  help  limit  introduction  to  seed  from 
sources  most  similar  climatically  and  edaphic- 
ally  to  the  recipient  region. 

A  surer  way  is  to  grow  the  exotic  at  several 
locations  where  it  is  expected  to  be  hardy.  Sev- 

eral populations — more  for  widely  distributed 
species — with  several  hundred  individuals  each 
are  desirable  to  provide  enough  material  for 
natural  and/or  artificial  selection.  Individual 
parent  trees  should  finally  be  selected  on  the 
basis  of  climatic  adaptation,  vigor,  disease  and 

pest  resistance,  phenological  synchi'onization, 
and  crossing  compatibility  with  the  native 
species. 

Another  much  cheaper  approach  would  be  to 
import  pollen  from  a  number  of  the  best  trees 
of  the  selected  sources  and  use  it  directly  for 
the  production  of  hybrids  with  native  species. 

When  hybridization  is  between  native  species, 
the  same  principles  should  be  observed.  The 
choice  of  individual  parents  is  particularly  im- 

portant. 

Adaptive  Variation  and  Populations 
within  Species 

While  the  textbooks  on  silvics  contain  per- 
tinent information  on  the  adaptive  diflPerences 

among  species,  they  give  only  limited  informa- 
tion on  the  variation  within  species.  But  within- 

species  variation  is  often  more  important  than 
between-species  variation  to  the  forest  manager 
and  tree  breeder  alike  (fig.  1). 

Variation  among  populations  within  species 
may  be  continuous  or  discontinuous.  As  men- 

tioned, adaptation  to  the  environment  is  im- 
portant in  the  formation  of  the  gene  pool  of  a 

tree  population.  Spatial  distribution  of  popula- 
tions often  corresponds  to  existing  patterns  of 

the  environment.  Where  sharp  environmental 
breaks  exist,  as  for  example  on  opposite  expo- 

sures of  mountain  ranges,  the  distribution  of 
genotypes  can  be  discontinuous.  This  is  ecotypic 
variation.  Along  climatic  gradients,  on  the  other 
hand,  genotypes  change  gradually  from  one  end 
of  the  gradient  to  the  other.  This  is  clinal  varia- tion. 

Long-term  careful  testing  is  required  to  de- 
termine how  far  superior  sources  can  be  moved ; 

otherwise  damage  during  a  single  adverse  year 
can  totally  eliminate  an  early  growth  advantage. 
Furthermore,  a  provenance  that  ranks  high  in 
rate  of  growth  in  one  environment  may  be  quite 
inferior  in  another.  Easteni  white  pine,  for  ex- 

ample, shows  typical  so-called  "genotype  X  en- 
vironment interaction"  of  this  type.  Eastern 

white  pine  from  southern  provenances  in  Geor- 
gia and  Tennessee  were  among  the  best  per- 

formers in  southern  Michigan,  but  in  the  more 
severe  climates  in  northern  Wisconsin  and  Min- 

nesota, they  were  among  the  poorest.  It  is  im- 
possible to  predict  whether  or  not  interactions 

will  be  important  and  it  is,  therefore,  essential 
that  provenance  tests  be  repeated  under  several 
climatic  conditions.  It  is  best  to  test  several 
stands  per  putative  race. 

Hybridization  between  Trees  of 
Different  Provenances 

Increased  yields  should  also  be  possible 
through  the  hybridization  of  trees  from  differ- 

ent provenances.  This  phase  of  tree  improve- 
ment has  hardly  been  touched  and  there  are  no 

generalized  guides  describing  how  best  to  pro- 
ceed with  the  selection  of  parent  material  for 43 



II.     GENETIC  IMPROVEMENT 

such  a  program.  One  thing  is  certain,  the  re- 
sulting hybrids  will  have  to  be  tested  in  several 

environments  in  order  to  determine  their  adap- 
tive ranges.  Provenance  hybridization,  how^ever, 

promises  to  produce  hybrids  with  greater  yields 
and  resistance,  and  perhaps  with  more  gen- 

eralized adaptive  characteristics. 
Numerous  characteristics  vary  significantly 

among  populations.  Most  of  the  characteristics 
in  the  following  list  are  of  potential  use  in  a 
tree  breeding  program: 

Survival  and  grovvi:h  factors 
Survival  percentage  of  planted  seedlings 
Top-root  ratio  of  seedlings 
Total  height  of  trees 
Total  diameter  of  trees 
Size  of  vegetative  buds 
Amounts  of  pubescence  on  twigs 
Response  in  rate  of  grov^h  to : 

Temperature 
Photoperiod 
Fertilizers 
Photosynthetic  efficiency 
Mineral  content  of  foliage 

Pregermination  requirements  of  seeds 
Warm  stratification  period 
Cold  stratification  period 

Seed  germination 
Effect  of  temperature 
Effect  of  photoperiod 

Phenological  factors 
Date  of  flushing 

Effect  of  temperatures 
Effect  of  photoperiod 
Effect  of  bud-chilling 

Date  of  growth  cessation 
Period  of  growth 
Date  of  fall  coloring 
Date  of  leaf  drop 
Timing  of  secondary  needles  on  seedlings 
Age  at  first  flowering 

Form 
Deviation  from  a  straight  vertical  bole 
Number  and  size  of  branches 
Shape  of  crown 
Shape  of  root  system 
Resistance  of  root  system  to  pulling 

Wood  properties 
Fiber  length 
Specific  gravity 
Summerwood  percentage 
Yield  of  extractives 

Fatty  acids 
Resin  acids 
Terpenes 
Phenols 

Coniferous  needle  characters 
Length 
Cross-sectional  area 
Dry  weight 

Number  of  needles  per  fascicle 
Number  of  resin  ducts  per  needle 
Hypodermal  structure 
Stomatal  pattern 
Color 

Hardwood  leaf  characters 
Surface  area 
Dry  weight 
Shape  and  serration 
Color  of  blade  and  petiole 
Stomatal  distribution 
Amount  of  pubescence 
Density  of  surface  hairs 
Amount  of  glandular  secretion 
Vein  patterns 

Fruits  (including  cones)  and  seeds 
Frequency  of  good  fruit  crops 
Abundance  of  fruits  per  tree 
Structure  of  fruits 
Seed  size 
Number  of  cotyledons  in  embryo 

Resistance  to  climatic  extremes 
Minimum  winter  temperature 
Needle  desiccation  in  winter 

Spring  frosts Fall  frosts 
Drought 
Leaf-scorch 
Sun-scald 

Resistance  to  pests 
Leaf  diseases  and  rusts ;  e.g., 

Rhabdocline 

Hyperdermella Phacidium 
Croyxartium  fusiforme 

Stem  cankers 
Insects 

Defoliating 
Gall-forming 
Shoot-boring 

Aphids Bark-chewing  animals;  e.g.,  porcupines 

Survival  after  field  planting  heads  the  list. 
It  exemplifies  many  of  the  highly  complex  char- 

acteristics in  which  components  are  interacting 
to  produce  the  measurable  effect.  As  will  be 
mentioned  later,  one  of  the  objectives  of  re- 

search in  tree  genetics  and  tree  physiology 
should  be  to  determine  the  individual  compo- 

nents, the  pathways  through  which  they  oper- 
ate, and  their  genetic  control. 

CHARACTER  VARIATION  AMONG 
INDIVIDUAL  TREES 

Assuming  that  the  best  species  and  the  best 
seed  source  within  the  range  of  that  species  for 
planting  a  given  area  are  known,  how  much  ad- 

ditional value  will  accrue  by  using  the  right 
trees  as  parents?  In  many  seed  source  trials, 
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Figure  1. — Growth  potential  can  vary  greatly  between  populations  within  a  species,  as  shown  by  these  jack  pine 
(Pinus  banksiana)  from  different  provenances.  Small  differences  in  growth  potential  (10  to  15  percent)  can 
be  demonstrated  conclusively  only  in  carefully  designed  tests.  Ten  to  fifteen  replications  of  100  to  150  provenances 
in  4-tree  plots  are  now  common.  To  determine  genotype  X  environment  interactions,  the  tests  are  repeated  in 
several  environments. 

trees  within  sources  varied  as  much  or  more 

than  trees  between  sources.  Assuming  that  su- 
periority is  maintained  or  increased  by  cross- 

pollination  among  selections,  individual  tree 
selection  is  highly  worthwhile.  It  is  expensive, 
but  the  expense  is  justified  by  the  improvement 
that  can  be  achieved. 

Usually  a  breeder  evaluates  a  tree  by  scoring 
the  excellence  of  its  individual  characters  such 

as  height,  diameter,  taper,  etc.  A  tree  has  thou- 
sands of  characters  each  with  quite  a  range  of 

variation.  Most  of  the  characteristics  listed 
above  as  varying  among  populations  also  vary 
among  the  individuals  comprising  the  popula- 
tions. 

Theoretically,  all  characteristics  can  be  in- 
dividually improved,  but  the  breeder  obviously 

seeks  to  improve  only  those  characteristics  that 
are  important  to  forest  managers  and  the  wood- 

using  industries.  The  characteristics  chosen 
vary  from  species  to  species  and  depend  on  the 
end  product.  They  fall  into  three  major  cate- 

gories : 1.  Silviculturally  desirable  characteristics 
related  to  growth  rate  and  total  yields. 

2.  Characteristics  affecting  specific  uses  and 
the  quality  of  products;  for  example,  bole 
straightness,  fiber  length,  foliage  color  of 
Christmas  trees,  or  drought  resistance 
and  crown  structure  for  shelterbelt  uses. 

3.  Resistance  to  insects,  pathogens,  or  cli- 
matic extremes. 

Most  of  these  are  complex  characteristics 

with  many  components  afi'ecting  the  measured 
value.  Tree  volume  growth  is  easily  divided 
into  a  height  growth  and  a  diameter  growth 
component,  and  these  can  be  further  divided  into 
several  less  easily  recognized  components — rate 45 
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of  growth,  the  length  of  the  period  of  growth, 
and  beyond  that  photosynthesis,  respiration,  the 
distribution  of  photosynthetic  products,  etc.  Se- 

lections should  be  based  on  the  simplest  compo- 
nents feasible,  as  well  as  the  complex  character 

itself.  This  generally  will  assure  more  rapid 
progress  than  selection  for  the  complex  char- 

acteristic alone  because  the  selection  for  the 
simple  components  will  account  for  negatively 
correlated  characteristics.  Furthermore,  the 
simple  components  may  be  less  subject  to  geno- 

type X  environment  interferences. 
Equally  important  in  tree  selection  is  the 

knowledge  of  the  covariation  of  characters  and 
of  their  correlations.  The  relation  of  one  char- 

acter to  another,  e.g.,  specific  gravity  to  growth 
rate,  warrants  special  attention.  Where  cor- 

relation between  two  desirable  characteristics 
is  negative,  intensity  of  selection  for  one  or 
both  characters  will  have  to  be  reduced,  since 
intensive  selection  for  one  character  would 
mean  simultaneous  deterioration  for  the  other. 
On  the  other  hand,  if  correlations  are  positive, 
the  two  desirable  characteristics  can  be  im- 

proved at  the  same  time.  Where  one  of  the  two 
associated  characters  is  difficult  to  measure, 
the  measurement  can  be  limited  to  the  other 
character. 

A  good  example  is  avoidance  of  late  spring 
frost  damage  in  species  such  as  Douglas-fir  and 
white  spruce.  Avoidance  is  strongly  correlated 
with  time  of  bud  flushing.  Flushing  is  a  strongly 
heritable  character  that  can  be  observed  in  any 
and  all  years.  Selection  of  late  flushing  trees  is 
easy.  Frost  injury,  on  the  other  hand,  is  strongly 
influenced  by  the  microenvironment  and  can 
be  observed  only  in  years  when  frost  actually 
occurs. 

Breedei-s  recognize  that  environmental  fac- 
tors as  well  as  genes  influence  the  character- 

istics of  individual  trees.  Selection  is,  therefore, 
easier  and  often  more  reliable  if  selections  are 
made  in  areas  where  variations  in  the  micro- 
environment  are  at  a  minimum,  i.e.,  in  pure 
well-stocked,  even-aged  natural  stands  or  in 
plantations  of  known,  adapted  seed  sources.  At 
present  most  characters  are  selected  when  trees 
pass  20  to  50  percent  of  the  rotation  age. 

Knowledge  of  the  influence  of  ti'ee  age  on  a 
chai-acter  can  be  utilized  to  select  trees  at  an 
early  age  (fig.  2).  Seedling  tests  of  rust  resist- 

ance and  the  selection  of  "superseedlings"  from 
nurseries  are  examples  of  juvenile  selection  pro- 

cedures that  are  now  in  practice.  Even  where 
the  conditions  for  selection  are  ideal  and  par- 

ticularly where  the  work  is  done  in  uneven-aged 
or  in  mixed  stands  with  a  more  variable  en- 

vironment, adjustments  for  environmental  var- 
iation must  be  made.  For  example,  if  branch 

length  of  two  trees  were  compared — one  grow- 
ing in  a  dense  stand  and  one  in  an  open  stand — 

Figure  2. — Selection  at  an  early  age  will  require  cor- 
relation between  juvenile  and  mature  characteristics, 

and  carefully  designed  nursery  tests.  The  test  pic- 
tured here  is  designed  to  establish  correlations  be- 
tween growth  and  budbreak  in  young  and  mature 

white  spruce  trees.  Involved  are  52  families  in  24 
replications  of  3-tree  plots. 

and  the  effect  of  stand  density  were  known,  the 
branch  measurements  could  be  adjusted  to  the 
mean  stand  density.  Effects  from  different  com- 

petition, sites,  tree  ages,  etc.,  can  be  similarly 
handled.  A  method  of  site  adjustment  is  to  ex- 

press the  measurements  of  a  selected  tree  as 
percentages  of  the  means  of  several  nearby 
trees  used  for  comparison. 

Tree  Selection 

Selection  among  a  number  of  plus  trees  may 
be  made  in  several  ways.  If  no  genetic  or  prog- 

eny test  information  is  available,  a  tree  must 
be  selected  as  a  parent  on  the  basis  of  its  pheno- 
type.  Usually,  some  site  and  age  adjustments 
are  used  to  refine  the  phenotypic  measurements. 
Then  a  tree  is  selected  on  the  basis  of  a  specified 
superiority  in  percentage  over  the  averages  of 
"comparison"  trees  of  the  same  species,  age,  and crown  class.  The  standard  of  selection  could  be 
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10  percent  greater  height  or  25  percent  greater 
vokime;  standards  differ  according  to  species. 
One  example  of  this  type  of  scoring  is  inckided 
in  Chapter  III.  A  better  method  weighs  each 
trait  primarily  by  its  economic  value  and  the 
trees  with  the  greatest  total  score  are  selected. 
For  example,  traits  such  as  rapid  growth  and 
pest  resistance  usually  are  scored  high,  straight 
stems  and  small  branches  somewhat  lower,  and 
other  traits  still  lower.  This  procedure  assumes 
that  all  traits  are  equally  and  strongly  heritable 
and  positively  correlated  genetically.  If  this  is 
not  the  case,  such  selection  may  in  extreme  cases 
result  in  no  gain  at  all.  It  is,  therefore,  essential 
that  heritability  and  genetic  correlation  weights 
also  be  applied  to  tree  selection  as  soon  as 
possible. 

High  heritability  indicates  that  the  individ- 
ual's phenotype  is  indicative  of  its  genotype. 

Heritabilities  and  genetc  correlatons  may  be  de- 
termined by  growing  progeny  from  a  random 

sample  of  parent  trees. 
Tree  breeders,  in  the  near  future,  will  be  able 

to  use  the  selection  index  method  on  trees  as 
it  has  been  used  on  most  other  organisms.  This 
index  weighs  each  character  of  a  tree  according 
to  its  estimated  transmissability  to  the  next  gen- 

eration, its  correlated  effects  on  other  char- 
acters, and  its  economic  value.  The  economic 

value  and,  therefore,  the  index  itself  may  change 
depending  on  end  use.  Indices  can,  therefore, 
differ  according  to  whoever  is  making  the  se- 

lection. The  index  also  allows  a  test  of  each  char- 

acter's contribution  and  thus  permits  valid  se- lection of  the  correct  combination  of  characters. 

Information  on  a  tree's  relatives  can  also  be 
added  to  form  a  family  index  of  maximum  effi- 

ciency. However,  caution  is  urged  in  applying 
such  an  index  because  if  poorly  constructed,  it  is 
worthless. 

Testing  Progeny  of  Selected  Trees 
The  safest  way  to  select  parents  is  by  progeny 

testing.  Such  tests  allow  both  for  comparison 
of  progenies  on  sites  or  in  conditions  chosen  for 
relatively  environmental  uniformity  (e.g.,  in 
growth  rooms),  and  also  for  testing  progeny 
responses  to  different  environments.  Adequate 
statistical  design  and  replications  will  permit 
the  partitioning  of  the  variances  into  the  genetic 
and  environmental  components.  The  tests  are 
expensive  and  usually  long  term.  Certain  char- 

acters, such  as  juvenile  diseases,  can  be  scored 
only  in  progeny  tests.  In  most  cases,  the  decision 
to  test  progeny  depends  on  weighing  the  ex- 

pense and  time  against  the  heritability.  For 
characters  known  to  have  high  heritability,  a 
progeny  test  may  not  be  necessary.  At  any  rate, 
in  this  situation,  most  breeders  prefer  to  pro- 

ceed with  untested  parents  until  the  progeny 
mature. 

Progeny  tests  may  be  made  with  either  open- 
or  control-pollinated  seed.  Open  pollination  is 
faster  and  cheaper  and  gives  results  several 
years  before  tests  with  control-pollinated  seed 
can  be  completed.  It  is  particularly  advantage- 

ous for  seed  collected  in  seed  orchards  where  all 

clones  flower  uniformly.  The  test  then  will  dem- 
onstrate the  potential  of  the  actual  commercial 

seed  produced.  However,  progeny  from  open- 
pollinated  seed  are  less  useful  as  a  source  of 
second  generation  selections,  and  the  test  yields 
less  genetic  information  than  one  with  control- 
pollinated  seed. 

At  best,  controlled  pollinations,  requii'e  two 
additional  years  for  pines  (fig.  3).  The  breeder 
may  have  to  repeat  pollinations  because  of  dam- 

age to  flowers  or  seeds  by  frost,  insects,  or  dis- 
ease. Or  he  may  have  to  wait  until  the  parent 

clones  flower  in  orchards,  both  of  which  will 

add  to  the  required  time.  Control-pollinated 
tests  offer  two  bonuses:  (1)  The  excellence  of 
the  individual  parents  is  brought  together  in  the 
crosses  and  they  in  turn  are  available  as  second 
generation  breeding  material,  and  (2)  Some 
crosses  may  accrue  a  nonadditive  genetic  gain — 
something  better  than  that  expected  to  be  added 
by  either  parent.  In  addition,  these  tests  pro- 

vide more  precise  data  on  more  items  that  can 
be  obtained  in  tests  with  open-pollinated  seed. 

Controlled  pollination  among  many  individual 
selections  is  expensive,  slow,  and  rarely  prac- 

ticed solely  for  a  progeny  test.  Several  crossing 
schemes  have  been  developed  that  seek  to  reduce 
the  size  of  the  crossing  programs.  One  that  has 
been  used  in  a  number  of  projects  involves  4 
pollen-parent  testers  crossed  with  all  female 
parents.  It  is  a  good  te-st  of  the  selected  parents, 
but  may  lead  to  inbreeding  in  a  second  genera- 

tion selection  program.  A  number  of  other  sys- 
tems have  been  developed  to  reduce  possible 

inbreeding  in  second  generation  selection  and 
breeding,  while  providing  an  adequate  baseline 
for  comparison  of  the  progenies. 

Evaluation  of  the  additive  contribution  of 

progeny-tested  parents — either  open-  or  control- 
pollinated — is  best  done  by  calculating  the  gen- 

eral combining  ability  (GCA)  of  each  parent. 
An  individual  with  good  GCA  will,  in  combina- 

tion with  other  parents,  produce  progeny  of 
hitrh  average  performance.  Since  GCA  is  addi- 

tive, the  performance  of  a  cross  can  be  predicted 

if  the  GC'.A  of  each  parent  is  known.  If  the  ob- 
served and  the  predicted  performances  differ, 

the  deviation  is  known  as  specific  combining 

ability  (SCA)  or  nonadditive  variance.  Con- 
trolled crosses  allow  us  to  find  out  what  com- 

binations do  better  (or  worse)  than  expected 
from  the  average  of  the  two  progeny-tested 

parents. 
In  fore.stry,  the  hazard  of  monoculture  is  well 

known  and  severe  inbreeding  depression  is  com- 
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Figure  3. — Controlled  pollination  is  expensive  and  time  consuming.  Pollination  must  be  timed  with  female  recep- 
tivity, insects  must  be  controlled,  and  careful  records  maintained.  The  bagging  used  here  is  sausage  casing 

covered  with  Kraft  paper  bags   (background).  Bags  of  nonwoven  fabric   (insert)   also  give  excellent  results. 

mon  in  wind-pollinated  forest  trees.  How  can 
the  hazards  be  reduced  and  inbreeding  mini- 

mized? First,  parent  trees  selected  in  natural 
stands  should  be  at  least  400  to  500  feet  apart ; 
this  reduces  the  danger  of  selecting  related  par- 

ents. Secondly,  provenance  sampling  should  be 
adequate  and  must  involve  seed  from  no  less 
than  10  genotypes.  Thirdly,  when  using  im- 

proved varieties,  monoculture  should  be  avoided 
as  much  as  possible.  Planting  10  improved  geno- 

types as  a  mixture  rather  than  a  single  type  is 
recommended. 

For  establishing  seed  orchards,  several  times 
this  number  of  parents  is  considered  adequate, 
since  the  original  number  is  sure  to  be  reduced 
by  roguing  for  defects  such  as  graft  incom- 

patibilities, self-compatibilities,  susceptibility  to 
pests  as  well  as  for  genetic  defects  shown  in 
progeny  tests.  Therefore,  to  end  up  with  an 
adequate  number  of  acceptable  parents,  a  con- 

siderable number  of  initial  selections  should  be 
made. 

How  intense  should  the  selection  be?  The 
formula  for  genetic  gain  (heritability  X  selec- 

tion differential)  illustrates  that,  theoretically, 
increasing  the  size  of  the  population  while  main- 

taining the  same  number  of  selections  would  be 
profitable.  However,  the  increased  cost  of  se- 

lecting the  best  from,  say,  100,000  trees  com- 
pared to  that  from  10,000,  may  be  prohibitive. 

Breeding  Systems 

After  the  initial  selection  of  parents,  breed- 
ing consists  of  a  series  of  steps  in  the  control 

of  the  pollen  source  and  in  further  testing  and 
sometimes  recurrent  selection  in  the  next  gen- 

eration. A  very  simple  scheme  consists  of  estab- 
lishing seed  production  areas  (Chapter  HI). 

They  are  selected,  high-quality,  natural  stands 
or  plantations  of  adapted  provenances  treated 
to  improve  genetic  quality  and  to  assure  abun- 

dant seed  production.  The  undesirable  trees  are 
rogued — they  may  constitute  50  to  90  percent 
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of  the  stand — and  seed  is  collected  from  the  re- 
maining quality  trees.  Provided  that  pollination 

follows  the  roguing,  seed  produced  is  chiefly 
from  pollinations  among  the  selected  parents. 
However,  the  selection  intensity  of  the  parents 
is  very  low,  and  the  gains  therefore  will  be 
small.  A  very  fast  method  with  a  higher  selec- 

tion intensity  but  poorer  control  of  pollen  is  to 
use  open-pollinated  seed  from  scattered  plus 
trees.  This  seed  will,  on  the  average,  be  genetic- 

ally intermediate  between  the  selected  tree  and 
the  mean  of  the  general  population  which  pol- 

linates it.  The  ease  and  speed  of  collection  when 
these  two  schemes  are  used  suggest  that  they 
can  be  exploited  while  awaiting  maturation  of 
seed  orchards  used  in  more  sophisticated  breed- 

ing methods. 

Collection  of  wind-pollinated  seed  also  ap- 
pears to  be  an  excellent  step  toward  more  com- 

plicated breeding  systems.  It  cm,  for  example, 
be  used  to  start  a  seedling  seed  orchard  in  which 
many  families  may  be  replicated,  planted,  and 
rogued  before  seed  production  begins.  Here 
wind-pollinated  seed  will  economically  supply 
the  large  base  populations  necessary  when 
heritabilities  are  mediocre,  i.e.,  when  phenotypic 
parent  tree  selection  is  relatively  ineffective.  To 
recoup  some  of  the  loss  brought  in  through  this 
ineffectiveness  and  through  pollination  by  the 
whole  population,  such  orchard  trees  are  strin- 

gently rogued,  i.e.,  only  5  percent  of  the  seedlings 
representing  the  best  individuals  in  the  best 
families  may  be  retained  as  parents.  In  this 
case,  the  single  planting  may  serve  first  as  an 
early  test  and  later  as  a  seed  orchard. 

A  third  breeding  system  is  the  well-known 
clonal  seed  orchard.  Here,  a  high  selection  in- 

tensity and  the  possibility  of  roguing  via  prog- 
eny testing  is  coupled  with  control  of  the  pollen, 

since  plus  trees  are  brought  together  as  grafted 
scions  and  isolated  from  most  outside  pollen 
so  that  they  pollinate  each  other.  Expected  gains 
can  be  closely  estimated  by  a  knowledge  of  the 
additive  genetic  situation.  It  should  be  noted 
that  the  control  of  pollen  is  obtained  at  a  con- 

siderable expense  of  time  and  money  in  estab- 
lishing the  grafts. 

Seedling  and  clonal  seed  orchards  are  the  two 
types  of  orchards  most  commonly  used  when 
tree  improvement  projects  are  first  initiated. 
Particularly,  grafted  clonal  orchards  are  nov/ 
widely  distributed  in  the  southern  United  States 
and  Sweden.  Their  advantages  and  disadvant- 

ages have  been  widely  discussed,^  but  much  of 
the  literature  is  contradictory.  Which  orchard 

type  to  use  must  be  based  on  the  seeding  char- 
acteristics of  the  species,  the  ease  with  which  it 

can  be  propagated  vegetatively,  and  the  inherit- 

'  See  Silvae  Genetica  13 :  1-49,  1964,  for  several  ar- 
ticles on  the  subject. 

ance  of  the  characteristics  that  are  to  be  im- 
proved. Sound  recommendations  are — 

1.  Use  clonal  seed  orchards  if  heritabilities 

are  high,  if  the  species  is  easy  to  propa- 
gate vegetatively,  if  few  graft  incompati- 

bility problems  exist,  and  if  ramets  are 
known  to  retain  the  ability  to  produce 
seed. 

2.  Use  seedling  seed  orchards  if  heritabilities 
are  low,  if  there  is  little  difference  in  the 
flowering  age  of  seedlings  and  clones,  and 
if  the  progenies  can  be  evaluated  early  in 
life,  and  the  test  area  later  converted  to  a 
seed  orchard. 

At  later  stages  in  the  development  of  a  breed- 
ing program,  more  advanced,  second  generation 

breeding  systems  may  be  employed.  One  system 
whic?i  ensures  the  best  second  generation  par- 

ents is  to  substitute  controlled  pollination  for 
grafting.  That  is,  inter-cross  the  best  progeny- 
tested  first  generation  parents  and  use  their 
seedling  progenies  in  a  seed  orchard.  As  men- 

tioned, it  is  important  to  select  a  crossing 
scheme  which  will  minimize  possible  inbreeding. 

The  breeding  systems  so  far  described  all 
utilize  additive  gene  action  which  is  measured 
as  general  combining  ability.  In  cases  where 
specific  combining  ability  is  appreciable,  breed- 

ing systems  should  be  adapted  which  also  utilize 
it.  This  requires  that  commercial  seed  be  de- 

rived from  F,  crosses  of  two  known  parents 

having  both  high  general  and  high  specific  com- 
bining ability.  Of  course,  quite  a  number  of 

different  parent  pairs  would  be  necessary  to 
avoid  the  monoculture  effect.  Calculations  also 

show  that  when  cuttings  can  be  rooted  and  in- 
corporated into  the  breeding  scheme,  crosses 

with  specific  combining  ability  will  be  even 
more  strikingly  successful. 

When  propagules,  such  as  rooted  cuttings  of 
Cottonwood,  are  used  commercially  instead  of 
seed,  breeding  methods  differ  somewhat.  Out- 

standing individuals,  once  found,  can  be  main- 
tained and  multipled  indefinitely  as  clones. 

Clones  are  te.sted  and  selected.  Seed  collection 

may  not  be  necessary  where  a  number  of  out- 
standing wild  individuals  perform  well  as 

clones.  However,  repeated  breeding,  as  discussed 
for  species  reproducing  by  seed,  may  be  neces- 

sary to  accumulate  favorable  genes  for  im- 
proved clones. 

Whether  trees  are  propagated  as  clones  or  by 
seed,  the  breeding  program  must  be  planned 
for  more  than  one  generation.  In  choosing  a 

breeding  system,  cycling  time  for  advanced  gen- 
eration breeding  should  be  considered.  A  cycle 

is  defined  as  the  interval  between  initial  selec- 
tion and  the  time  when  the  same  phase  in  the 

development  of  the  breeding  material  is  avail- 
able for  starting  a  new  generation  at  the  im- 
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proved  level.  Cycling  time  is  determined  by  add- 
ing the  individual  phase  times :  selection  time  + 

grafting  time  -j-  testing  time,  etc.,  depending  on 
the  breeding  system  chosen.  The  breeder  will 
want  to  use  a  system  which  will  give  him  the 
best  rate  of  gain  at  the  most  acceptable  invest- 

ment. A  seed  producer,  on  the  other  hand,  will 
want  to  define  his  cycle  time  as  the  lifetime  of 
an  orchard,  which  lasts  until  a  new  improved 
orchard  can  be  put  into  production.  That  is,  he 
is  interested  in  rate  of  operational  gain,  cal- 

culated from  the  genetic  gains  before  progeny 
testing  plus  those  after  progeny  test  roguing 
at  the  number  of  years  each  was  realized.  The 
time  a  seed  orchard  takes  to  produce  seed  in 
quantity  has  been  used  as  a  basis  for  choosing 
between  seedling  and  clonal  orchards.  This  time 
is  one  of  the  factors  that  influence  rates  of  gain. 

Dual-purpose  plantings  rather  than  sequen- 
tial plantings  would  help  to  shorten  cycles.  The 

progeny  test  seed  orchard,  and  the  progeny 
test  recurrent  selection  population  are  examples 
of  seed  plantings.  Commercial  plantings  started 
almost  simultaneously  with  the  progeny  test 
can  also  be  used  as  a  source  of  second  genera- 

tion parents  if  a  little  effort  is  expended  to  keep 
track  of  female  parentage.  Although  male  pedi- 

gree in  such  a  case  is  lost,  the  large  population 
size  in  conjunction  with  knowledge  of  female 
family  performance  from  the  progeny  test 
should  provide  additional  selections  for  con- 

tinued genetic  gain. 

CHANGING  GENES  AND 
CHROMOSOMES 

Genes,  the  constant,  duplicating  units  of  in- 
heritance, are  located  on  the  chromosomes  and 

pass  unchanged  from  mother  to  daughter  cell 
during  cell  division.  Occasionally,  genes  are 
changed  and  a  mutation  or  a  changed  phenotype 
may  result.  The  majority  of  the  mutations  are 
lost  in  the  course  of  evolution;  some  become 
established  and  as  they  gradually  accumulate 
in  a  population,  new  plant  types  develop  and 
evolution  progresses. 

A  large  proportion  of  the  naturally  occurring 
mutations  are  caused  by  background  radiation, 
but  mutations  can  also  be  induced  artificially 
with  X-rays,  gamma  rays  or  neutrons.  Chemical 
mutagens  also  have  been  used  to  induce  muta- 

tions. In  higher  plants  alkylating  agents,  espe- 
cially ethyl  methanesulfonate  (EMS),  have 

proved  very  effective. 
The  most  easily  detected  mutations  are  the 

so-called  macromutations  that  cause  major 
changes  in  the  phenotype  and  involve  relatively 
large  changes  in  the  chromosomes.  Most  macro- 
mutations  have  deteriorating  effects,  but  some 
have  been  useful  in  agricultural  crops.  It  may 
require    several    generations   of   selection    and 

breeding  to  establish  the  macromutation  in  a 
desirable  genotype. 

More  important  in  plant  breeding  is  the  in- 
duction of  many  mutations,  each  with  a  small 

effect  on  quantitative  characters.  When  such 
micromutations  are  involved,  the  variation  is 
generally  increased;  after  the  induction  treat- 

ments, several  generations  of  selection  and 
breeding  may  be  required  before  the  desired 
improvement  is  achieved.  In  the  selection  proc- 

ess, one  objective  is  to  eliminate  macromutants 
associated  with  the  micromutations  affecting 
the  quantitative  characters. 

The  use  of  induced  mutations  in  plant  breed- 
ing is  well  established ;  more  than  40  new  cereal 

varieties  developed  through  induced  mutations 
have  been  released.  Worldwide,  5  to  10  million 
acres  of  radiation-induced  new  varieties  have 
been  planted. 

There  are  no  such  examples  involving  forest 
tree  crops.  The  reasons  are  several : 

1.  Most  trees  are  outbreeders  and  highly 
heterozygous.  The  breeder,  therefore,  has 

at  his  disposal  "more  variation  than  he 
will  know  what  to  do  with." 

2.  The  screening  of  very  large  numbers  of 
plants  is  difficult  and  can  only  be  done 
eflficiently  in  short-term  nursery  tests. 

3.  For  most  tree  species,  the  time  between 

generations  is  long,  and  is  a  definite  de-       | 
terrent  to  selection  and  breeding  in  ad- 

vanced generations.  It  can  be  justified  in 
a  program  where  usable  improvement  is 
achieved  in  one  generation,  but  is  a  more       . 
serious  drawback  where  several  genera-      ' 
tions  are  needed. 

Yet  the  potential  for  using  induced  mutations 
in  tree  breeding  is,  indeed,  there : 

1.  Sometimes  tree  species  lack  genetic  varia- 
tion in  certain  characteristics.  Such  varia- 
tion may  perhaps  be  induced.  Resistance  to 

diseases  and  pests  such  as  chestnut  blight, 
white  pine  blister  rust,  and  gypsy  moth  is 
an  example.  Although  screening  large  ir- 

radiated populations  for  chestnut  blight 
or  gypsy  moth  resistance  probably  would 
be  impossible,  nursery  tests  are  available 
that  would  permit  efficient,  inexpensive 
tests  of  white  pine  populations  for  induced 
mutations  for  blister  rust  resistance. 

2.  Genera  that  are  easily  propagated  vegeta- 
tively  may  lend  themselves  particularly 
well  to  improvement  through  induction  of 
mutations.  Once  a  desirable  genotype  is 
identified,  it  can  presumably  be  mass- 
produced  indefinitely.  Methods  have  also 
been  developed  whereby  mutations  occur- 

ring in  dividing  vegetative  cells  can  be 
isolated  and  utilized  in  a  breeding  pro- 
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gram;  in  annual  plants  they  are  usually 
eliminated  because  the  normal  cells  crowd 
them  out  in  growth. 

In  summary,  induction  of  mutations  in  forest 
crops  should  be  considered  only  in  species  lack- 

ing specific  types  of  variation  for  which  simple 
mass  screening  tests  are  possible.  Early  flower- 

ing species  are  a  decided  advantage.  Species  that 
root  easily  from  cuttings  also  present  a  unique 
favorable  situation. 

Another  way  of  altering  the  genotype  is  by 
inducing  polyploidy  through  the  use  of  the  al- 

kaloid colchicine.  Polyploidy,  an  increase  in  the 
chromosome  number  from  the  usual  2n  in  vege- 

tative cells  to  3n,  4n,  5n,  6n,  or  even  higher, 
has  played  a  role  in  the  evokition  of  species, 
for  example,  in  the  genera  Behila,  Prunus,  and 
Sorbus. 

Some  polyploid  plants  are  clearly  superior  to 
their  diploid  origins ;  hence,  the  interest  among 
tree  breeders.  One  approach  is  to  produce  a 
sterile  species  cross,  and  then  restore  fertility 
through  the  artificial  doubling  of  the  chromo- 

somes. Another  is  to  double  the  chromosome  set 
in  one  species  and  then  produce  triploids  by 
crossing  it  with  diploid  material.  Some  triploids 
with  excellent  potentials  have  been  developed  by 
this  method  in  Populus,  Alnns,  and  Larix. 

True-breeding  homozygous  lines  have  been 
experimentally  developed  using  colchicine  appli- 

cations. First,  haploids  are  developed  by  assur- 
ing apomictic  development  of  embryos.  Then 

the  haploid  chromosome  complement  is  doubled 
using  colchicine.  If  this  approach  can  be  devel- 

oped into  a  reliable  method,  many  breeding  ef- 
forts would  be  much  simplified. 

USE  OF  IMPROVED  VARIETIES  IN 
FOREST  MANAGEMENT 

In  the  1970's  forestry  in  the  United  States  is 
developing  in  a  context  of  greatly  increasing  de- 

mands on  forested  lands  for  uses  other  than 
timber  and  fiber  production.  Forests  are  being 
taken  out  of  production  to  provide  wilderness 
areas,  national  parks,  recreation  areas,  high- 

ways, and  home  and  industrial  sites.  In  many 
areas,  as  a  result  of  som.e  of  these  changes,  land 
values  and  taxes  spiral  up  and  up,  transporta- 

tion co.sts  of  forest  products  are  becoming  pro- 
hibitive, and  labor  costs  in  the  woods  continue 

an  upward  trend.  Combined,  all  these  factors 
have  made  forest  land  management  for  the 
production  of  fiber  and  timber  a  questionable 
investment  in  most  forested  areas  outside  the 
South. 

At  the  same  time,  demands  for  wood  products 
— particularly  fiber — show  dramatic  upward 
trends,  and  large  deficits  in  available  products 
are  predicted  within  the  next  30  years. 

To  improve  forestry  as  an  investment  and  to 
meet  the  many  diverse  future  demands  on  forest 
land  will  require  an  intensification  of  forest 
management  practices  on  the  most  productive 
land.  The  waste  of  raw  material  in  the  woods 
and  in  the  wood  processing  plants  must  be  re- 

duced, as  must  losses  from  insects,  diseases, 
and  fire.  Labor  costs  must  be  reduced.  Most  im- 

portant of  all,  the  per  acre  yields  of  fiber  and 
timber  products  must  be  increased.  This  can 
be  achieved  through  the  use  of  genetically  im- 

proved planting  stock  and  better  cultural  tech- 
niques. 

The  use  of  improved  planting  stock  and  better 
cultural  techniques  must  go  hand-in-hand.  The 
relatively  small  gains  expected  from  the  early 
phases  in  a  breeding  program  may  be  completely 
lost,  and  the  investment  in  the  improvement 
wasted  due  to  improper  choice  of  planting  site, 
poor  planting,  inadequate  weed  control,  etc.  The 
use  of  genetically  improved  trees  also  precludes 
natural  regeneration  and,  at  least  initially,  di- 

rect seeding.  As  seed  orchards  reach  full  pro- 
ductivity, it  is  possible  that  the  cost  of  improved 

seed  will  become  low  enough  to  permit  some 
direct  seeding. 

Adequate  advanced  planning  will  be  needed 
to  determine  how  the  profits  on  the  total  invest- 

ment in  the  improvement  program  and  growing 
of  the  crop  can  be  optimized. 

Specific  recommendations  cannot  be  made  on 
how  to  achieve  the  greatest  returns  on  the  total 
investment  from  the  initiation  of  a  breeding 
program  until  the  crop  is  harvested.  Some  of 
the  factors  influencing  decisions  regarding  the 
breeding  program  per  se  have  been  discussed. 

Some  equally  important  considerations  afl'ecting returns  on  money  invested  follow: 

1.  The  greatest  returns  will  accrue  by  plant- 
ing improved  stock  on  the  best  quality 

sites  accessible  to  the  wood  processing 
industry. 

2.  Rotations  should  be  the  shortest  possible. 
3.  Stands  should  be  designed  to  maximize 

yields  with  the  least  possible  need  for  thin- 
nings. This  means  clearcutting. 

4.  Short  rotations  and  few  thinnings  can 

probably  best  be  achieved  if  stands  are  de- 
signed for  the  production  of  a  single  end 

product — either  pulpwood  or  logs.  Pulp- 
wood  trees  should  be  grown  at  close  spac- 

ing: logs  at  wider  spacing. 
5.  Soil  on  planting  sites  should  be  analyzed 

and  deficiencies  corrected.  A  general  ap- 
plication of  fertilizer  should  be  under- 

taken only  if  it  has  been  shown  that 
species  and  genotypes  will  respond  to 
fertilization  on  the  type  of  site  involved. 

6.  Careful  planting  and  weed  control  will  be 
required  to  avoid  planting  shock  and  as- 

sure immediate  rapid  grow^th. 
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7.  With  the  use  of  improved  genetic  stock  in 
a  more  intensive  forest  management  sys- 

tem, the  genetic  diversity  of  the  crop  plant 
may  be  reduced.  This  can  create  the  po- 

tential for  serious  insect  and  disease  prob- 
lems. Serious  outbreaks  must  be  con- 

trolled. 

However,  the  use  of  improved  stock,  better 
cultural  techniques,  and  selections  of  plantation 
sites  alone  may  not  be  profitable.  Geneticists, 
silviculturists,  soil  scientists,  entomologists, 
pathologists,  engineers,  and  economists  work- 

ing together  must  develop  total  production  sys- 
tems involving  all  the  steps  from  the  establish- 
ment of  seed  orchards  through  nursery  produc- 
tion, planting,  harvest,  and  manufacturing.  In 

such  systems  the  raw  material — controlled  by 
genetic  makeup  and  cultural  techniques — must 
be  coordinated  with  manufacturing  processes, 
nursery  practices  must  facilitate  plantation  es- 

tablishment, and  plantations  must  be  designed 
to  meet  the  requirements  of  economical,  mech- 

anized harvesting.  Finally,  harvesting  must 
leave  the  site  in  a  condition  that  permits  eco- 

nomical establishment  of  the  next  crop. 
The  systems  should  vary  in  the  intensity  of 

cultural  techniques  from  the  highly  intensive 
agronomic  approach  to  more  conventional  forest 
plantations.  They  must  be  fitted  into  comprehen- 

sive forest  land  management  plans  that  assure 
(1)  adequate  production  of  raw  materials 
within  the  concept  of  multiple  use,  (2)  the  main- 

tenance of  environmental  quality,  and  (3)  prof- 
itability. 
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Chapter  III 

PRODUCTION  OF  GENETICALLY  IMPROVED  SEED 

by  Paul  O.  Rudolf/  Keith  W.  Dorman,- 
Robert  G.  Hitt,   and  A.  Perry  Plummer  ^ 

A  large  proportion  of  the  woody-plant  seed 
used  in  the  United  States  is  obtained  from 
stands,  natural  or  planted,  that  are  neither 
classified  nor  managed  specifically  for  seed  pro- 

duction. Some  of  these  stands  may,  however,  be 
managed  for  wood  production  or  other  purposes 

and  the  management  practices  may  aff'ect  the 
quantity  and  quality  (both  physical  and  genetic) 
of  the  seed  produced.  With  the  growing  knowl- 

edge of  forest-tree  genetics  (see  Chapter  II), 
however,  there  has  been  an  increasing  demand 
for  information  as  to  the  original  source  of 
seed  and  the  kinds  of  trees  or  stands  from  which 
it  came.  This  has  resulted  in  more  careful  col- 

lection of  the  seed,  more  discrimination  concern- 
ing the  plants  or  stands  providing  the  seed,  and 

the  establishment  of  special  areas  to  produce 
seed  of  improved  genetic  quality. 

Four  general  types  of  stands  used  for  seed 
collection  are  defined  below.  The  order  repre- 

sents increasing  genetic  control  of  seed  quality. 
1.  Unclassified  stands:  those  that  are  not 

rated  on  the  desirability  of  their  trees  as 
parents,  but  are  used  because  seed  collec- 

tion is  easy  and  convenient. 
2.  Classified  stands :  those  that  are  rated  on 

the  desirability  of  their  trees  as  parents 
and  classified  so  that  stands  in  the  best 
categories  can  be  selected  for  seed  collec- 
tion. 

3.  Seed-production  areas :  stands  of  better 
than  average  trees  upgraded  further  by 
periodic  removal  of  the  less  desirable  trees 
and  cultured  to  induce  abundant  seed 
production. 

4.  Seed  orchards:  plantations  of  ramets  or 
seedlings  from  phenotypically  superior 
progenitors  on  which  tests  of  inheritance 
are  either  completed  or  pending.  Areas 
are  cultured  to  minimize  pollination  by 
outside  sources,  to  induce  abundant  seed 
production  at  an  early  age,  and  to  facili- 

tate seed  collection. 

In  this  chapter,  each  of  these  types  is  described 
in  detail. 

'  North  Central   Forest  Exp,   Stn. 
"  Southeastern  Forest  Exp.  Stn. 
•^  Southeastern  Area ;  State  and  Private  Forestry. 
*  Intermountain  Forest  and  Range  Exp.  Stn. 

UNCLASSIFIED  STANDS 

So  long  as  nature's  production,  wherever  it 
occurs,  is  considered  "good  enough,"  much  of 
the  seed  used  for  forestation  purposes  will  come 
from  trees  or  shrubs  that  will  yield  the  most 
seed  for  the  least  effort  by  the  collector.  This 

may  include  open-grown  ti'ees  because  they 
frequently  produce  abundant  seeds.  However, 
the  proportion  of  viable  seed  from  such  trees 
often  is  low  and  the  resulting  seedlings  weak, 
probably  because  of  self-pollination.  On  the 
favorable  side,  because  it  assumes  that  at  least 
one  parent  has  good  growth  potential,  the  bulk 
of  the  seed  crop  within  stands  usually  is  pro- 

duced on  the  most  vigorous  or  dominant  trees — 
those  whose  crowns  receive  light  both  from 
above  and  the  sides.  For  example,  99  percent 
of  the  ponderosa  pine,  98  percent  of  the  sugar 
pine,  and  88  percent  of  the  white  fir  cones  pro- 

duced during  28  years  in  observed  California 
stands  were  borne  on  dominant  trees  (Fo wells 
and  Schubert  1956).  A  similar  relationship 
holds  true  for  many  other  species. 

CLASSIFIED  STANDS 

One  way  to  maintain  the  genetic  quality  of 
existing  supplies  of  tree  and  shrub  seed  is  to 
confine  collections  to  the  best  stands  (Rudolf 

1948).  This  requires  a  survey  of  stands  avail- 
able for  seed  collection  in  each  seed-collection 

zone  (see  Chapter  VIII)  and  classifying  each 
stand  according  to  quality.  Criteria  for  classifi- 

cation may  vary  with  the  intended  use  of  the 
progeny.  Diflferent  criteria  are  needed  for  uses 
such  as  wood  production,  wildlife  habitat,  for- 

age production  erosion  control,  shelterbelts,  or 
Christmas  trees. 

Where  progeny  are  grown  primarily  for  wood 
production,  classification  has  been  based  on  the 
proportion  of  dominant  trees  that  are  vigorous, 
well  formed,  and  free  of  disease  (Lar.son  1960). 

A  straight  bole  free  of  spiral  grain  and  a  nai'- row  crown  with  small  limbs  are  the  principal 
features  of  good  form  (Andersson  1963).  In 
Great  Britain,  seed  collection  usually  is  limited 
to  stands  where  50  percent  or  more  of  the  dom- 

inant trees  have  these  traits  (Forest  Seed  As- 
sociation, 1968).  In  the  United  States  and  Can- 

ada,  the   same   tiaits   are    used    for    selecting 
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Figure  1. — A  natural,  north-central  Minnesota  red  pine  stand  of  good  quality,  desirable  for  seed  collection. 

high-quality  stands  for  seed  collection,  but  a 
fixed  percentage  of  qualified  dominants  is  not 
specified  (Wang  and  Sziklai  1969). 

Stands  managed  for  wood  production  often 
are  thinned  one  or  more  times  to  favor  the 

best  trees  (fig.  1).  In  such  stands  seed  produc- 
tion often  is  increased  and  is  largely  concen- 

trated on  the  most  vigorous  and  best-formed 
trees  from  the  original  population.  For  example, 
in  a  90-year-old  red  pine  stand  in  north-central 
Minnesota,  seedfall  in  a  good  crop  year  for  the 
managed  portion  was  16.1  pounds  per  acre — 
more  than  double  that  for  the  unmanaged  por- 

tion (Roe  1964).  In  a  51-year-old  red  pine  stand 
in  Lower  Michigan,  cone  yields  increased  with 
degree  of  thinning  (table  1).  Projections  of 
these  data  indicate  that  the  maximum  yield  of 
cones  per  acre  would  occur  at  a  residual  basal 
area  of  about  80  square  feet,  but  that  the  maxi- 

mum yield  per  tree  would  be  greater  at  a  basal 
area  less  than  70  square  feet  (Godman  1962).^ 

On  the  other  hand,  stands  subjected  to  thin- 
ning from  above  or  any  form  of  selection  fell- 

ing normally  should  not  be  used  as  sources  of 
seed.  Such  treatment  may  have  removed  the 
trees  of  greatest  growth  potential  before  they 
could  contribute  to  seed  production. 

Table  1. — Cone  production  in.  a  thinned  red  pine  sta)id  in  Loiver  Michigan  (Godman  1962) 
Residual  basal 
area  per  acre 

Cone-bearing  trees — 1961 
Trees 

per 

Proportion 
of  all 

Average 

d.b.h. 
Proportion 

of  all Cones 

per 

Cones Fall 1959 

per 

1956 acre trees trees tree acre 

Square  feet 

Sq 

\iare  feet Number Percent Inches Percent Number Number 67 85 245 96 
8.4 

100 

38 
9,310 79 95 269 79 7.7 102 

34 9,146 
98 115 308 

70 

7.6 104 

14 

4,312 
118 132 219 45 8.0 

110 

15 

3,285 138 154 189 35 8.2 111 14 

2,646 161 174 171 19 
7.5 

123 2 342 
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SEED  PRODUCTION  AREAS 

Purpose  and  Advantages 
Programs  for  improving  seed  quality  are  un- 

der way  for  most  of  the  major  timber-producing 
species  of  the  world  (J.  D.  Matthews  1964).  In 
practically  all  of  these  programs,  seed  produc- 

tion areas  have  been  set  up  to  produce  seed  dur- 
ing the  period  required  to  establish  seed  or- 

chards and  bring  them  into  production.  Ad- 
vantages of  seed-production  areas  are  as  follows 

(Cole  1963,  Dorman  1962,  Orr-Ewing  1969, 
Rudolf  1959,  Squillace  1969) : 

1.  short  lead  time  for  establishment  and 
scheduled  seed  production, 

2.  high  yields  of  seed  with  no  loss  of  genetic 
quality, 

3.  systematic  seed  procurement  from  known 
geographic  sources, 

4.  easy  access  for  repetitive  jobs  such  as 
forecasting  seed  crops,  seed  collection,  and  con- 

trolling insects  and  disease. 

The  degree  of  genetic  improvement  obtained 
by  using  seed  from  seed-production  areas  us- 

ually is  not  known  because  progeny  te.sts  are 
seldom  made  on  plants  from  this  class  of  seed 
(Kellison  1969).  Tests  have  been  made,  how- 

ever, on  progeny  of  loblolly  and  slash  pines  in 
seed-production  areas.  These  progeny  showed 
little  or  no  advantage  over  ordinary  nursery 
stock  of  comparable  age  in  growth  rate  but 
were  superior  in  growth  uniformity,  form,  and 
pest  resistance.  In  the  latter  three  respects  they 
compared  favorably  with  control-pollinated 
families  (Buijtenen  1968  and  1969,  Kellison 
1969). 

Stand  Selection 

To  maintain  a  continuous  supply  of  planting 
stock  adapted  to  a  locality,  several  seed-produc- 

tion areas  are  needed  within  each  planting  zone 
(Squillace  1969).  The  stands  selected  should  be 
the  best  available  for  the  site  or  locality,  and 
they  should  not  be  close  to  poor  stands  or  unsuit- 

able provenances  of  the  subject  species  (J.  D. 
Matthews  1962,  Andersson  1963).  Small  admix- 

tures of  other  species  are  acceptable  if  they  do 
not  cross-pollinate  with  or  seriously  hinder  the 
growth  and  development  of  the  subject  species, 
or  if  their  removal  will  leave  a  well-distributed 
stocking  of  the  desired  species.  Other  factors  to 
consider  in  selecting  stands  are  size  of  area, 
topography,  degree  of  stocking,  diameter  of 
dominant  trees,  and  age. 

The  stands  should  have  a  minimum  area  of 

10  acres  with  a  topography  that  facilitates  fre- 
quent access  for  cultural  treatment  and  seed 

collection  (Rudolf  1959,  Cole  1963). 
The  stands  should  be  well  stocked,  to  permit 

the  selection  of  an  adequate  number  of  high- 

quality  seed-crop  trees  that  have  developed  un- 
der competition.  Rigid  stocking  standards  are 

not  feasible,  but  the  stands  should  contain  more 
than  50  square  feet  of  basal  area  per  acre. 
Average  diameter  of  dominant  trees  should  be 
at  least  12  inches  (Cole  1963).  For  southern 
pines,  a  minimum  of  15  dominants  per  acre 
should  be  acceptable  as  crop  trees  (Cech  1963). 
For  northern  conifers  a  minimum  of  30  crop 
trees  per  acre  is  preferred  (Rudolf  1959). 

Stands  should  be  old  enough  to  produce  good 
crops  of  seed,  to  demonstrate  adaptability  to 
the  site,  to  show  superiority  over  average 
stands,  but  young  enough  to  produce  seed  for 
some  time  to  come.  For  the  principal  species 
involved  in  reforestation  in  the  Lake  States 
and  the  South,  the  recommended  stand  ages 
are  as  follows  (Cole  1963,  Rudolf  1959) : 

Stand  age  for 
seed-production  areas 

Species  Preferred 
Minimum  range 

(years)  (years) Picea 

P.  qlavca                          30  45-60 
P.  markma            30  45-60 

Pinus 

P.  bauksiana           20  30-40 
P.  elliottii            20  30-40 
P.  palustris           25  30-50 
P.  resinosa            30  50-70 
P.  strobus               .      .-         25  50-70 
P.  taeda                  ,.         25  30-50 

In  Great  Britain,  where  most  of  the  existing 

conifer  stands  are  in  plantations,  seed-produc- 
tion areas  usually  are  established  only  in  stands 

that  have  reached  at  least  age  30  for  conifers 
or  40  for  hardwoods,  or  dominant-heights  of 
35  to  40  feet  (J.  D.  Matthews  1962). 

High  yields  of  seed  per  acre,  were  obtained 
after  a  heavy  thinning  in  a  young  stand  where 
live  crown  length  was  50  percent  or  more  of 
tree  height  (Goddard  and  Kidd  1967). 

Seed-production  areas  also  may  be  estab- 
lished in  plantations,  provided  they  are  of  a 

seed  source  known  to  be  suitable  for  the  area 
and  are  established  from  a  mixture  of  seeds 
from  many  trees  Squillace  (1969).  In  several 
localities,  plantations  established  with  seed 
from  distant  sources  have  been  superior  to 
those  from  local  seed  sources  (Chapter  II). 

In  areas  where  stands  of  known  origin  and 
superior  growth  are  scarce  or  inaccessible  it 
may  be  desirable  to  establish  plantations  of 
such  trees  where  they  are  easily  accessible  and 
then  to  develop  them  into  seed-production  areas 
(Yeatman  and  Tcich  1969).  Seed-production 
areas  in  plantations  of  local  .seed  origin  can  fill 
a  gap  also  in  areas  where  native  young  stands 
are  no  longer  available,  or  where  the  indigenous 
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stands  are  being  replaced  by  planted  stands  of 
unknown  or  varying  origin  (Orr-Ewing  1969). 

In  selecting  plantations  of  exotic  species  for 
seed-production  areas,  consideration  must  be 
given  to  possible  genotype-site  interactions  in 
stand  quality  and  seed  yield  (Fielding  1969). 

Natural  stands  of  some  western  shrub  spe- 
cies have  been  selected  for  abundant  production 

of  good  quality  seed  (Plummer  et  al.  1966  and 
1968).  The  preferred  age  of  such  stands  at  the 
time  of  selection  is  10  to  15  years,  and  the  mini- 

mum age  is  probably  between  5  and  10  years. 

Crop-tree  Selection  and  Release 
In  each  stand  chosen  to  become  a  seed-produc- 

tion area,  the  best  trees  should  be  given  full 
opportunity  to  produce  seed  and  to  be  pollinated 
by  trees  of  the  same  species  and  of  comparable 
quality.  The  first  step  is  to  select  and  mark  the 
best  trees  as  seed-crop  trees.  Depending  on  the 
species  and  age  of  stand  there  should  be  from 
15  to  170  acceptable  trees  per  acre.  Seed-crop 
trees  should  be  fast-growing,  healthy  dominants 
where  high-quality  wood  is  an  objective.  They 
should  have  (1)  straight  stems  that  are  free 
from  defects  such  as  fluting,  spiral  grain,  and 
epicormic  shoots;  (2)  branches  that  are  small 

in  relation  to  the  stem  at  point  of  origin  and  that 
arise  at  an  angle  that  is  flattened  to  moderately 
ascending;  (3)  crowns  that  are  compact  but 
have  a  large  foliage  area;  and  (4)  a  history  of 
previous  seed  production  (J.  D.  Matthews 
1962).  Trees  that  do  not  meet  these  specifica- 

tions— and  all  trees  of  other  species  with  which 
the  target  species  naturally  hybridizes — are  re- moved (rogued). 

Competing  trees  should  be  removed  to  give 
each  seed-crop  tree  abundant  growing  space 
(figs.  2  and  3).  A  suggested  rule  of  thumb  is 
that  the  average  spacing  between  seed-crop 
trees  should  be  equal  to  one-half  the  average 
height  of  the  dominant  and  codominant  trees  in 
the  stand  (Rudolf  1959).  This  calls  for  a  much 
heavier  cut  than  in  even  the  heaviest  silvicul- 
tural  thinnings.  Such  heavy  thinning  alone  may 
increase  cone  production  up  to  30  times  under 
some  conditions  (Cooley  1970). 

Removal  of  the  competing  trees  may  be  done 
in  two  or  more  cuts  at  5-  to  10-year  intervals  to 
prevent  excessive  windthrow  of  the  seed-crop 
trees.  Alternatively,  the  stands  may  be  thinned 
lightly  and  often  (every  2  or  3  years)  to  condi- 

tion them  gradually  to  increased  exposure  to  the 
wind.    The   threat   of   windthrow    in    recently 
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Figure  2. — A  loblolly  pine  seed-production  area   shortly  after  an  initial  heavy  roguing;  Bankhead  National  For- 
est, Alabama. 
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Figure  3. — A  ponderosa  pine  seed-production  area  with  squirrel   bands   in  place;    Lassen   National    Forest,   Cali- 
fornia. 

thinned  stands  usually  is  not  nearly  as  great 
for  species  with  deeper,  well  developed  root  sys- 

tems like  red  pine  as  for  species  with  shallow 
root  systems,  like  the  spruces  and  jack  pine. 

To  increase  the  amounts  of  moisture  and 
nutrients  available  to  the  crop  trees,  competing 
brush  and  other  low  vegetation  may  be  removed. 
This  can  be  done  by  mechanical  means  such  as 
with  a  brush  chopper,  or  with  approved  herbi- 

cides. In  some  situations,  controlled  burning 
may  be  used  and  thus  provide  the  additional 
benefit  of  protection  from  certain  insects. 

Isolation 

To  minimize  contamination  of  the  selected 
trees  by  pollen  from  undesirable  trees,  the  area 
should  be  surrounded  by  an  isolation  strip  some- 

times described  as  a  dilution  strip.  Within  this 
strip,  roguing  should  be  as  intensive  as  in  the 
selected  area.  Pollen  dispersal  studies  indicate 
that  a  width  of  about  500  feet  may  be  sufficient 
for  eastern  conifers  (Wang  et  al.  1960,  Wright 
1953).  Where  winds  or  air  drainage  aflTect  pollen 
dispersal,  wider  strips  are  desirable  (Sarvas 
1955,  Andersson  1963). 

Cultural  Treatments  and  Protection 
A  number  of  cultural  treatments  have  been 

used  to  stimulate  seed  production  such  as  culti- 
vation, cover  crops,  fertilization,  and  irrigation. 

These  treatments  are  described  in  the  section 
on  seed  orchards  because  they  are  used  more 
frequently  in  orchards  than  in  seed-production 
areas.  Fertilization  and  irrigation,  however,  can 
be  used  in  seed-production  areas. 

Protection  of  trees  from  insects,  diseases, 
and  seed-eating  wildlife  is  essential  in  seed- 
production  areas.  Control  measures  for  these 
pests  also  are  discussed  in  the  section  on  seed 
orchards. 

Expected  Yields 
Published  yield  data  on  seed-production  areas 

are  scarce,  and  even  estimates  of  seed  yields 
have  been  made  on  only  a  few  species.  Trees  in 
seed-production  areas  should  yield  more  seed 
than  trees  in  ordinary  stands  because  of  the 
abundant  growing  space  per  tree,  fertilization, 
and  weed  control.  Because  of  the  relatively  small 

number  of  trees  per  acre  retained  in  seed-pro- 
duction areas,  the  seed  yield  per  acre  may  be 

lower  than  for  a  more  densely  stocked  stand; 
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however,  a  higher  proportion  should  be  readily 
harvestable.  Some  conifers  in  seed-production 
areas  have  yielded  more  seed  per  bushel  of  cones 
than  trees  in  ordinary  stands.  For  example,  a 
w^hite  spruce  seed-production  area  in  north- 
v^estern  Wisconsin  during  a  good  seed  year 
yielded  1.3  pounds  of  seed  per  bushel  of  cones, 
compared  with  0.8  pound  for  a  general  collec- 

tion (Pitcher  1966).  Likewise,  seed  yields  from 
a  bushel  of  loblolly  pine  cones  were  25  to  75 
percent  higher  in  seed-production  areas  than  in 
regular  collections  (North  Carolina  State  Col- 

lege 1963). 
For  the  principal  conifers  in  the  Lake  States, 

the  yield  of  seed  from  100  to  300  trees  in  seed- 
production  areas  probably  would  be  sufficient 
to  produce  one  million  seedlings  annually  in  a 
nursery  (Rudolf  1959). 

Despite  improved  growing  conditions,  all 
trees  in  some  seed-production  areas  have  not 
produced  good  seed  crops  every  year.  In  slash 
pine  areas  in  Texas,  individual  trees  produced 
good  crops  at  intervals  of  about  3  years.  Conse- 

quently only  one-third  of  the  trees  were  used 
for  collection  each  year  (van  Buijtenen  1961). 
In  other  seed-production  areas  of  southern 
pines,  estimated  average  annual  production 
was  0.2  bushel  of  cones  per  tree  (Cole  1963). 

Seed  Harvesting  and  Costs 

Normally  the  trees  in  seed-production  areas 
and  seed  orchards  must  be  climbed  to  harvest 
the  cones  or  fruits  (Chapter  V)  and  special 
equipment  is  needed  to  minimize  mechanical 
damage  to  the  trees  (Morandini  1961,  Seal  et  al. 
1965,  Richardson  1967).  Near  the  end  of  a  rota- 

tion, the  trees  may  be  felled  at  the  time  of  a  good 
seed  crop  to  permit  harvesting  from  the  ground 
(Easley  1955). 

Climbing  is  expensive,  but  costs  can  be  kept 
down  by  limiting  harvests  to  years  with  good 
seed  crops  and  to  trees  producing  an  acceptable 
amount  of  sound  seed.  For  example,  in  the  Lake 
States  collecting  is  recommended  only  in  years 
when  there  is  at  least  50  percent  of  a  full  seed 
crop  (Rudolf  1959).  Among  southern  pines,  seed 
should  be  collected  only  from  trees  bearing  at 
least  one  bushel  of  cones  (Goddard  1958.  Mc- 
Connell  1966). 

One  study  in  a  slash  pine  .seed-production 
area  showed  that  if  climbing  had  been  elimi- 

nated on  all  trees  with  less  than  100  cones,  91 
percent  of  the  crop  would  have  been  gathered 
at  58  percent  of  the  cost  of  climbing  all  trees, 
and  if  only  trees  with  200  or  more  cones  had 
been  climbed  61  percent  of  the  crop  would  have 
been  obtained  at  38  percent  of  the  cost  of  com- 

plete climbing  (Webb  and  Hunt  1965).  Com- 
parable results  were  obtained  in  loblolly  pine 

and  shortleaf  pine  seed-production  areas  in 
Texas  (Zobel  et  al  1956). 

One  novel  approach  tried  by  the  Province  of 
Ontario  was  to  pay  the  climbers  $8.00  per  8-hour 
day  plus  $0.01  per  cone.  They  obtained  red  pine 
cones  for  about  $25  per  bushel,  about  the  same 
cost  as  formerly,  but  picking  was  done  more 
rapidly  and  all  cones  were  harvested  before 
any  had  begun  to  open  (Dyer  and  Eng  1971). 

A  well-organized  cone  harvesting  operation  in 
a  60-year-old  longleaf  pine  seed-production  area 
was  conducted  as  follows:  (1)  Trees  with  at 
least  one  bushel  of  cones  by  binocular  count 
were  marked  with  ribbons  of  two  colors.  (2) 
An  experienced  climber  (three  were  used  on  the 
job)  went  up  a  ladder  to  the  live  crown,  then 
threw  a  rope  over  the  second  live  limb  and 
hoisted  himself  into  the  crown.  (3)  One  man 
supervised  the  job  and  moved  ladders.  (4)  He 
and  another  man  helped  the  climbers  find  cones 
in  the  crown.  (5)  Each  climber  picked  from  the 
top  down  using  a  rope  with  a  taut  line  hitch ;  it 
took  5  to  30  minutes  to  climb  a  tree  and  20 
minutes  to  1  hour  (average  30  minutes)  to  pick 
one  tree.  The  three  men  climbed  25  to  30  trees 

per  day  and  missed  few  cones.  (6)  Three  work- 
ers picked  up  the  cones  from  the  ground  (about 

60  bushels  per  day)  ;  they  could  keep  up  with 

the  three  climbers  by  w^orking  2  half-days  and 
then  a  full  day.  (7)  Each  bag  of  2  bushels  of 
cones  was  labeled  as  to  the  area.  (8)  When  a 
climber  descended  a  tree  one  of  the  colored  rib- 

bons was  removed,  and  when  all  cones  around 
the  tree  had  been  picked  up  the  second  ribbon 
was  removed. 

Brush  and  grass  around  the  trees  hindered 
cone  gathering,  and  it  probably  would  have  paid 
to  mow  or  brush-hog  the  area  before  picking. 
The  total  cost  of  picking  the  cones,  gathering 
them  from  the  ground,  hauling  them  to  the 
nursery,  and  job  supervision  in  1964  came  to 
$7.51  per  tree  or  $5.24  per  bushel  of  cones.  The 
cost  per  tree  is  roughly  equivalent  to  11/^  man- 
hours  (based  on  McConnell  1965,  1966,  and  Cole 1963). 

SEED  ORCHARDS 

Purpose  and  Advantages 
Seed  orchards  of  tree  and  shrub  species  have 

been  set  up  for  many  different  purposes.  Some 
are  planned  to  improve  the  quality  and  quan- 

tity of  forest  pi'oducts  such  as  lumber,  pulp- 
wood,  or  Christmas  trees.  Other  objectives  may 
be  greater  effectiveness  in  plantings  for  shelter- 
belts,  watershed  protection,  or  cover  and  food 
for  wildlife  and  livestock.  For  planting  to  im- 

prove man's  environment,  selections  may  be 
made  for  sound  barriers,  recreation  areas,  sur- 

vival in  urban  smog,  or  for  ornamental  use.  The 
amount  of  genetic  improvement  obtained  in  seed 
orchards  is  usually  greater  than  in  seed-produc- 

tion areas  and  depends  primarily  on  the  in- 
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tensity  of  the  selection  and  the  heritability  of 
the  traits  on  which  selections  are  based. 

Many  traits  vary  significantly  among  plant 
populations  and  have  potential  utility  in  select- 

ing superior  individuals.  Such  traits  are  listed 
in  the  section  on  hybridization  of  trees  of  dif- 

ferent provenances  in  Chapter  II.  Most  of  the 
traits  in  this  list  are  useful  also  for  selection 
within  shrub  species. 

For  example,  variation  in  form  of  Purshia 
tridentata  (Pursh)  DC  (antelope  bitterbrush) 
permits  selection  of  individuals  for  two  differ- 

ent purposes.  This  species  varies  from  a  low, 
prostrate,  layering  form  to  a  bushy,  nonlayer- 
ing,  upright,  treelike  plant  up  to  15  feet  tall. 
The  lowest  form  was  selected  for  stabilizing 
road  cuts  and  preventing  erosion  on  other  ex- 

posed sites.  The  tallest  form  is  planted  to  supply 
palatable  forage  for  wildlife  and  livestock  in 
semidesert  range  lands.  Irrigated  and  culti- 

vated seed  orchards  of  these  forms  produced 
greater  yields  and  higher  quality  seed  than  did 
wild-land  stands  (Plummer  et  al.  1968). 

Trees  and  shrubs  for  shelterbelts  are  selected 
for  their  broad  dense  crowns  including  branches 
that  are  retained  throughout  the  life  of  the 
plant  (Dawson  and  Read  1964).  Marked 
drought  resistance  also  is  essential  even  at  the 
expense  of  reduced  growth  rate. 

For  some  species  of  shrubs,  first  generation 
seed  orchards  have  been  established  with  seed- 

lings of  a  suitable  species  and  provenance  but 
with  only  casual  selection  of  individual  plants 
(Plummer  et  al.  1968).  Seed  orchards  of  timber- 
producing  species,  however,  are  established 
with  either  seedling  progeny  or  vegetative 
propagules  of  selected  plus  trees. 

Selection  of  Plus  Trees  for 
Timber  Production 

The  starting  point  in  a  seed  orchard  program 
for  improved  timber  production  is  the  selection 
of  plus  trees;  i.e.,  individual  trees  well  adapted 
to  grow  in  the  area  and  outstanding  in  wood 
quality  and  growth  rate.  Selection  is  best  done 
in  even-aged  stands.  Some  species,  however, 
grow  in  uneven-age  stands  or  as  scattered  in- 

dividuals in  mixed  stands.  Here  quantitative 
comparisons  with  other  trees  are  not  feasible 
and  the  rater  must  make  his  selections  subjec- 

tively. The  potential  plus  trees  should  be  rela- 
tively mature  to  permit  meaningful  evaluation 

of  the  specified  traits. 
Numerous  scoring  systems  have  been  devised 

to  evaluate  potential  plus  trees.  In  the  more 
refined  systems,  the  superiority  percentage  of 
each  trait  is  weighed  according  to  its  relative 
economic  value.  These  scoring  systems  are  re- 

vised frequently  as  information  is  accumulated 
on  the  degree  of  heritability  of  a  trait  and  on 
the  amount  of  correlation  with  other  inherited 

traits.  Scoring  revisions  are  needed  also  for 
changes  in  the  relative  economic  value  of  a  trait. 
All  systems  are  designed  to  provide  compar- 

ability in  selections  made  by  different  raters. 
In  one  of  several  scoring  systems  for  south- 

ern pines,  the  candidate  plus  tree  is  compared 
to  the  nearest  five  crop  trees.  Scoring  is  based 
on  quantitative  measurements  of  age,  height, 
volume,  and  specific  gravity  of  wood  along  with 
subjective  judgments  of  superiority  with  re- 

spect to  7  additional  tree  characteristics.  The 
candidate  tree  is  scored  according  to  the  follow- 

ing directions  in  which  the  check  is  the  average 

of  the  nearest  5  crop  trees."' 
1.  Height. — Compute  height  superiority  as 

a  percentage  over  the  height  of  the  check 
and  score  points  adjusted  for  age  and 
site  class  as  in  table  2. 

Table  2. — Points  for  scoriyig  height  superiority 
of  southern  pines  ivith  adjiistments  for  age 
class  and  site  index  ̂  

Age  class  for  site Age class  for  site 
inde.x of  75  or 

•  less 

index  of  76  or  more 
Height less 

51 

less 
51 

superi- 

than 30-50 

years 

than 30-50 

years 

ority 

30 

years 

or 30 

years 

or 

years 

more 

years 

more 
Perceyit Points Points Poiyits Points Points Points 

0-9 0 0 0 0 0 0 

10-11 1 2 2 1 1 2 
12-13 2 3 4 2 2 3 
14-15 3 4 5 2 3 4 
16-17 4 5 7 3 4 5 
18-19 5 7 9 3 5 7 20 

6 8 10 4 6 8 
Over  20 7 9 12 5 7 9 

'  Data  provided  1971  by  J.  B.  Lett,  Jr.,  School  of  For- 
est Resources,  North  Carolina  State  University  at  Ral- 

eigh. 

2.  Volume. — Compute  volume  superiority 
as  a  percentage  over  the  volume  of  the 
check  and  give  one  point  for  each  10-per- 

cent increment  over  the  volume  of  the 
check. 

3.  Crown  size. — Judge  the  relative  crown 
size  of  the  candidate  tree  as  compared  to 
the  check.  Superiority  is  indicated  by  a 
crown  radius  smaller  than  average  for 
the  bole  size  and  competition  under 
which  the  tree  has  grown.  Consider  also 
conformation,  density  of  foliage,  and 
dominance.  Score  superiority  subjec- 

tively on  scale  of  0  to  5  points. 
4.  Form  class. — Determine  form  class  by 

the  form  point  method.  Compute  score  by 
subtracting  form  class  of  check  from 
form  class  of  candidate  tree  minus  1. 

■"■  Directions  provided  1971  by  J.  B.  Lett,  Jr.,  School 
of  Forest  Resources,  North  Carolina  State  University 
at  Raleigh. 
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5.  Straightness. — Select  tree  must  have 
little  or  no  spiral  grain  and  have  no 
crook  in  two  planes.  A  line  projected 
from  the  center  of  the  merchantable  top 
to  the  center  of  the  stump  must  be  within 
the  bole.  Score  subjectively  on  a  scale  of 
0  to  5  points.  For  example,  a  tree  having 
a  slight  crook  in  one  plane  and  a  slight 
spiral  in  the  grain  is  scored  0  points  and 
a  perfectly  straight  tree  with  no  spiral 
grain  rates  5  points. 

6.  Pruning  ability. — Judge  subjectively  the 
lower  limbs,  either  dead  or  alive,  on  the 
candidate  tree  as  compared  to  the  check. 
Score  0  to  3  points  depending  on  the  rela- 

tive scarcity  of  lower  limbs  on  the  candi- 
date tree. 

7.  Branch  diameter. — Judge  subjectively 
the  relative  branch  diameters  of  the 
candidate  tree  as  compared  to  the  check. 
Score  0  to  2  points  depending  on  how 
much  smaller  the  branches  are  on  the 
candidate  tree. 

8.  Branch  angle. — Judge  subjectively  the 
relative  branch  angle  on  the  candidate 
tree  as  compared  to  the  check.  Score  0 
to  2  points  depending  on  how  much 
flatter  the  branch  angle  is  on  the  candi- 

date tree. 

9.  Age. — Candidate  tree  must  not  be  more 
than  3  years  older  than  check  as  deter- 

mined by  number  of  rings  at  breast 
height.  For  a  tree  more  than  2  years 
younger  than  the  check,  give  a  bonus  of 
one  point  for  each  year  younger  than  2 ; 
i.e.,  for  a  tree  5  years  younger  than  the 
check,  score  3  points. 

10.    Specific  gravity  of  wood. — This  factor  is 
determined  for  the  candidate  tree  and  the 
five  check  trees  but  no  points  are  scored 
because  of  the  differences  in  wood  used 
by  cooperating  companies.   In   addition 
to  the  comparison  with  check  trees,  each 
cooperator  is  given  a  comparison  of  the 
specific    gravity    of   the    candidate   tree 
with  the  regional  average  for  wood  har- 

vested by  the  cooperator.  Trees  with  a 
specific   gravity  differing  greatly  from 
the  company  average  may  not  be  suitable 
in  seed  orchards  for  that  company. 

Total  score  for  a  candidate  tree  is  the  sum 
of  the  scores  for  the  first  nine  factors.  For  a 
candidate  tree  that  is  rated  poorer  than  the 
check  on  any  of  the  first  eight  factors  except 
straightness,  the  scoring  points   are   negative 
and  are  deducted  from  the  total  score.  A  tree 
with  negative  points  on  more  than  one  factor 
usually  is  not  acceptable.  Total  scores  should  be 
checked  by  one  person  who  also  should  make 

the  final  selection  of  plus  trees  from  the  candi- 
dates (Cech  1959). 

In  uneven-aged  stands  of  western  conifers,  se- 
lection of  plus  trees  is  necessarily  more  subjec- 

tive than  in  even-aged  stands  of  southern  pines. 
In  candidate  stands  in  California,  for  example, 
the  tallest  tree  with  good  form  and  branch 
angle  was  selected  from  each  100  trees  (Calla- ham  1965). 

The  primary  purpose  of  seed  orchards  is,  of 
course,  to  produce  seed.  Experience  in  several 
forest  regions  has  established  the  fact  that  there 
are  great  differences  among  trees  and  shrubs 
in  seed-producing  ability  that  should  not  be 
overlooked  in  selecting  plus  trees  (Andersson 
1965,  Bergman  1968,  Eliason  and  Carlson  1963, 
Limstrom  1959,  Mork  1957,  Plummer  ef  al. 
1968,  Waldron  1965).  Abundant  fruit  produc- 

tion, however,  may  make  a  drain  on  wood  pro- 
duction, so  seed  production  should  be  given  a 

low  value  in  a  scoring  system  for  selecting  fast 
growing  trees  (Squillace  1969). 

In  western  white  pine  (Pinus  monticolo),  se- 
lection is  solely  for  resistance  to  blister  rust 

because  the  rust  cannot  be  controlled  and  the 
proportion  of  rust-resistant  trees  is  less  than 
1:10,000  (Bingham  et  al.  1971). 

Vegetative  Propagation 
Clonal  seed  orchards  must  be  established 

from  vegetatively  propagated  material,  usually 
taken  from  relatively  mature  plants.  For  best 
results  such  material  should  be  established  on 
its  own  roots,  that  is,  by  cuttings  or  layers.  This 
can  be  done  readily  with  some  hardwood  trees 
and  many  shrubs.  Stem  cuttings  of  some  coni- 

fers also  root  successfully  if  taken  from  young 
plants  or  if  treated  with  hormones.  Unfortun- 

ately, however,  most  of  the  species  used  by  the 
wood  industries  are  very  difficult  to  propagate 
from  cuttings  or  layers  taken  from  trees  beyond 
the  juvenile  stage. 

Most  clonal  seed  orchards  have  been  estab- 
lished with  grafts  because  mature  trees  can  be 

vegetatively  propagated  successfully  by  this 
means.  Grafting  often  is  done  in  the  green- 

house, but  large-scale  grafting  of  seedlings  in 
nursery  beds  has  been  successful  (Wynens 
1966).  Sometimes  grafting  is  done  on  plants 
established  in  plantations. 

Horticulturists  are  able  to  keep  fruit  trees 
low  by  grafting  onto  dwaiiing  root  stocks. 
Searches  for  dwarfing  stocks  in  forest  trees  are 
underway.  If  enough  are  found,  this  technique 
may  help  to  maintain  trees  at  heights  that  per- 

mit easy  seed  collection. 
The  two  types  of  grafting  most  used  for  coni- 

fers are  called  "veneer"  or  "side  grafting,"  and 
"cleft  grafting"  (Nienstaedt  et  al.  1958,  Hart- 
man  and  Kester  1968).  When  both  scions  and 
stock    plants   are    in    favorable   condition   and 
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grafting  is  properly  done,  successful  unions  oc- 
cur in  about  75  percent  of  the  grafts.  Some 

failures  may  occur  later  because  of  incompati- 
bility between  stock  and  scion,  insect  damage, 

inadequate  root  development  after  field  plant- 
ing, or  other  damaging  agents. 

Site  Selection 
Some  of  the  desirable  attributes  of  a  seed 

orchard  site  are  listed  below  (Andersson  1960, 
Buijtenen  et  al.  1971,  Hoffman  and  Thiimmler 
1959,  Krugman  1966,  J.  D.  Matthews  1963, 
North  Carolina  State  College  1966) : 

1.  A  location  a  short  distance  south  of,  or  at 
slightly  lower  elevation  than,  the  location 
of  the  parent  trees  or  ortets. 

2.  A  climate  favorable  for  tree  growth,  flow- 
ering, and  fruiting. 

3.  Air  drainage  sufficient  to  reduce  frost 
damage  to  flowers  and  fruits. 

4.  Protection  from  strong  winds,  industrial 
fumes,  insects,  diseases,  animal  damage, 
migrating  birds,  floods,  fire,  and  highway 
construction. 

5.  Soil  of  intermediate  fertility  unless  trees 
are  selected  for  growth  under  either  high 
or  low  fertility. 

6.  Proximity  to  a  source  of  labor  and  heavy 
equipment  such  as  tractors,  mowers,  disks, 
and  sprayers. 

7.  A  minimum  area  of  10  acres  of  well- 

drained,  reasonably  level  gi'ound  that  is 
accessible  for  heavy  equipment  and  close 
to  a  water  supply;  for  example,  an  area 
near  a  tree  nursery. 

Each  of  these  points  should  be  considered  when 
selecting  a  site  for  a  seed  orchard. 

Isolation 
Wherever  possible,  a  seed  orchard  should  be 

established  in  a  large  open  area  or  in  a  stand 
consisting  of  species  unrelated  to  the  subject 
species.  If  the  seed  orchards  must  be  estab- 

lished near  stands  of  species  with  which  the 
orchard  plants  can  cross-pollinate,  the  orchard 
should  be  surrounded  by  an  isolation  zone  of 
open  land  or  unrelated  species.  Zones  at  least 
400  feet  wide  (Wang  et  al.  1960)  or  500  feet 
(Zobel  et  al.  1958)  have  been  recommended,  but 
much  wider  zones  may  be  desirable  (Squillace 
1967).  Isolation  from  stands  of  the  same  species 
will  also  help  to  reduce  infestations  of  seed  and 
cone  or  fruit  insects  (Mattson  1971). 

To  minimize  outside  pollination,  pine  seed 
orchards  in  Sweden  usually  are  planted  in 
spruce  and  hardwood  areas  or  on  large  plains 
at  least  2  miles  from  the  nearest  pines.  Spruce 
orchards,  in  turn,  are  established  in  areas  where 
pine  or  hardwoods  predominate,  or  on  large 
plains.  So  far  as  possible  the  orchards  are  ar- 

ranged in  fairly  large  units  (12  to  60  acres) 
within  each  zone  to  reduce  the  risk  of  contami- 

nation and  to  minimize  costs  of  establishment 
and  maintenance  (Andersson  1960). 

Site  Preparation 
Most  seed  orchard  sites  should  be  completely 

cleared  and  cultivated  as  on  fields  for  agricul- 

tural crops  (fig.  4).  In  some  instances  thei'e  may 
be  an  advantage  in  treating  only  cross-checked 
strips  or  spots  with  a  herbicide  such  as  simazine 
and  then  planting  the  trees  in  the  treated  areas. 

Smoothed  ground  is  essential  to  facilitate  op- 
eration of  mechanized  equipment,  to  minimize 

equipment  maintenance,  and  to  increase  the 
comfort  of  the  operator.  If  ditch  or  flood  irri- 

gation is  to  be  used,  the  ditches  or  ridges  should 
be  made  during  ground  preparation. 

Design  and  Establishment 
The  seedlings,  grafts,  or  cuttings  used  to  es- 

tablish the  seed  orchard  should  be  planted  at  a 
spacing  wide  enough  to  permit  rapid  growi;h 
and  development  of  large  crowns,  but  not  so 
wide  as  to  promote  self  pollination  (Fowler 

1965).  Spacing  should  be  uniform  to  insui'e 
easy  operation  of  mobile  equipment  between 
trees  in  more  than  one  direction ;  e.g.,  cross- 
cultivation  or  mowing. 

Initial  spacings  in  seed  orchards  range  from 
8  bv  8  feet  (Hunt  1965b)  to  16  bv  16  feet  (Arn- 
borg  1960)  and  to  20  by  20  feet  for  fast- 
growing  species  (Schultz  1969,  fig.  5).  With  the 
closer  spacings  at  least  half  the  trees  must  be 
removed  before  final  spacings  are  attained 
(Kellison  1969).  Their  removal  is  facilitated  in 

layouts  that  permit  one  or  two  "mechanical" 
thinnings.  In  addition,  several  clones  or  fam- 

ilies must  be  rogued  out  if  they  lack  combining 
ability  or  if  their  progeny  lack  superiority. 
Where  such  roguing  is  done  the  final  spacings 
usually  will  be  irregular.  Final  average  distance 
between  trees  in  seed  orchards  should  be  be- 

tween 20  and  30  feet  (Zobel  et  al  1958).  These 
relatively  wide  spacings  should  be  attained 
early  enough  to  insure  good  crown  development. 

The  trenetic  principles  to  be  considered  in  de- 
termining the  number  of  clones  or  families  to 

include  in  an  orchard  were  discussed  in  Chap- 
ter II.  The  number  usually  recommended  is 

from  10  to  50  per  orchard  (Zobel  et  al.  1958). 
An  initial  large  numl^er  of  clones  or  families 
(50  or  more)  enhances  the  possibility  of  raising 
the  average  seedling  (juality  substantially 
through  the  roguing  of  clones  or  families  that 
perform  poorly  or  are  phenologically  out  of 
phase  with  the  rest 

Ramets  or  seedlings  are  arranged  in  the  seed 
orchard  to  promote  cross-pollination  with  a 
maximum  number  of  clones  or  families.  Com- 
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Figure  4. — A  young  Douglas-fir  seed  orchard  near  Sweet  Home,  Oregon.  (Photo  by  Joe  G.  Wheat,  Industrial  For- 
estry Association.) 

puter  programs  are  available  that  will  provide 
systematic  arrangements  of  clones  for  this  ob- 
jective. 

After  progeny  have  been  grown  and  eval- 
uated, second  generation  orchards  can  be  estab- 
lished with  the  best  parents ;  i.e.  elite  trees. 

Cultivation  and  Cover  Crops 

During  the  early  stages  of  seed  orchard  de- 
velopment, the  ground  may  be  kept  bare  by 

disking  or  the  area  may  be  seeded  with  grass  or 
a  legume  (fig.  6).  A  mulch  around  each  tree  is 
beneficial  during  the  first  2  years  after  planting. 
After  the  trees  are  well  established,  a  grass 
cover  is  used  in  many  temperate  zone  orchards 
because  it  protects  soil  from  erosion,  it  aids 
potassium  and  phosphorus  nutrition  of  the  seed 
trees,  and  it  is  easily  managed.  Regular  grass 
cutting  ameliorates  the  effects  of  drought  and 
prevents  a  tieup  of  fertilizers.  In  some  areas 
a  legume  may  be  better  than  grass  for  a  cover 
crop  (J.  D.  Matthews  1964,  Otterbach  1963). 

Fertilizer  Applications 
Fertilizer  trials  have  been  made  on  a  number 

of  tree  species  to  stimulate  seed  production  and 
growth  of  seed  orchard  trees.   Included  have 

been  4  southern  pines  (Wenger  1953,  Bilan 
1960,  Buijtenen  1966,  and  1968,  Otterbach 
1963,  Shoulders  1968,  Brinkman  1962,  Goddard 
et  al.  1963,  Ference  1959  Bengtson  1969) ;  red 
pine  in  Canada  (Carmichael  1960,  Hoist  1969)  ; 
Douglas-fir  (Steinbrenner,  Duffield,  and  Camp- 

bell 1960,  Griflfith  1968,  Smith,  Walters,  and 
Kozak  1968)  and  4  pines  in  the  western  United 
States  (Krugman  1965,  Barnes  1969,  Schubert 
1956).  Fertilizers  also  have  been  tested  in  Brit- 

ain, chiefly  on  Scotch  pine,  Corsican  pine,  Euro- 
pean larch,  and  Japanese  larch  (Faulkner  1966). 

Effective  fertilizer  prescriptions  depend  on 
knowledge  of  the  nutrient  requirements  of  the 
plant  and  the  amount  of  available  mineral  nu- 

trients in  the  soil.  Lack  of  such  information  to 
guide  applications  probably  accounts  for  the 
varying  response  reported  concerning  the  ef- 

fects of  fertilizers  on  tree-seed  yields.  Without 
such  knowledge  it  is  difficult  to  establish  the 
amounts,  ratio  of  nutrient  elements,  and  fre- 

quency of  application.  Current  recommenda- 
tions for  the  use  of  fertilizers,  therefore,  are 

largely  empirical. 
Fertilizer  prescriptions  preferably  are  based 

on  at  least  2  years  of  trials  in  specific  stands, 
including   at   least   one   good   seed   crop   year 
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(Cooley  1970).  Until  such  prescriptions  can  be 
developed,  however,  the  following  guidelines  can 
be  used.  In  several  southern  pine  seed  orchards, 
balanced  N-P-K  fertilizers  have  been  used  at 
the  rate  of  1  pound  per  100  sciuare  feet  of  hori- 

zontal crown  surface.  An  average  is  about  400 
pounds  per  acre  of  10-10-10  fertilizer;  i.e.,  40 
pounds  per  acre  each  of  niti'Ogen  (N),  phos- 

phoric acid  (P-0.-,),  and  potash  (KoO).  The  fer- 
tilizer is  spread  around  each  tree  once  or  twice 

a  year  (Otterbach  1963).  In  Britain,  a  general 
prescription  is  to  apply  in  early  spring  before 
new  flower  buds  are  differentiated  100  pounds 
of  N,  50  pounds  of  PjO,-„  and  100  pounds  of  K^O 
per  acre  (J.  D.  Matthews  1962).  When  the  trees 
are  large  enough  to  occupy  most  of  the  ground 
area,  fertilizer  may  be  applied  uniformly  over 
the  area. 

Flower  crops  must  be  increased  to  obtain 

subsequent  inci'eases  in  seed  yelds,  but  the  size 
of  a  flower  crop  may  be  influenced  by  climatic 
factors  as  well  as  by  the  application  of  fertil- 

izers. For  example,  in  cultivated  longleaf  and 

slash  pine  stands  thinned  regularly  to  keep  only 
vigorous  and  well-formed  dominants,  female 
flower  and  cone  production  were  increased 
markedly  by  an  annual  application  of  1,000 
pounds  per  acre  of  10-25-10  fertilizer;  i.e.,  100 
pounds  of  nitrogen  (N),  250  pounds  of  phos- 

phoric acid  (P^Or,),  and  100  pounds  of  potash 
(KjO).  In  these  stands,  flowering  was  also  re- 

lated to  the  March  through  July  rainfall  in  the 
previous  year  and  to  the  size  of  the  flower  crop 
2  years  earlier  (Shoulders  1968).  In  Britain, 
fertilizers  generally  have  had  no  marked  effects 
on  increasing  seed  yields  of  conifers  except 
when  applications  coincided  with  good  climatic 
conditions  for  flowering  in  the  preceding  year 
(Faulkner  1966).  In  western  Canada,  the  cone 
production  of  Douglas-fir  was  increased  26  per- 

cent in  an  excellent  crop  year  by  applying  200 
pounds  per  acre  of  nitrogen  fertilizer  in  the  cur- 

rent and  three  previous  years  (Smith  et  al. 1968). 

Increased  flowering  has  been  attributed  to  a 
variety  of  fertilizer  treatments.  In  one  instance. 

Figure  5.— A  slash  pine  seed  orchard  9  years  after  establishment 
feet  (Schultz  1969). 

with    air-layered    propagules    spaced    20    by    20 
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Figure  6. — Comparisons  of  cultural  treatments  in  a  3-year-old  seed  orchard  of  slash  pine  in  northern  Florida. 
Hairy  indigo  is  the  cover  crop  on  the  left,  a  periodic  disking  is  underway  in  the  center,  and  a  sprinkler  system 
is  watering  the  trees  at  the  far  right  (Bengtson  1969). 

phosphorus  stimulated  but  nitrogen  decreased 
the  number  of  flowers  of  both  sexes  (Buijtenen 
1968).  In  another,  both  ammonia  and  nitrate 
stimulated  female  flowering  but  reduced  male 
flowering  (Hoist  1969).  In  still  another,  fer- 

tilizers containing  potash,  nitrogen,  and  sulfur 
stimulated  conelet  production  but  potash  alone 
was  not  efi'ective  (Krugman  1965).  In  another 
instance,  too,  nitrogen  fertilizer  increased 
flower  production  per  tree  by  19  percent  and 
subsequent  cone  production  about  8  percent 
(Grifl^th  1968).  To  further  complicate  matters, 
the  response  of  flowering  to  fertilizer  varies 
greatly  among  clones  and  families  (Buijtenen 
etal.  1971,  Schultz  1969). 

Much  greater  increases  in  flowering  were  ob- 
tained by  fertilizing  young  slash  pines  in  a 

clonal  seed  orchard  in  northern  Florida  (Schultz 
1969).  The  number  of  female  flowers  on  7-year- 
old  slash  pines  was  doubled  following  an  appli- 

cation of  150  pounds  per  acre  of  nitrogen  and 
tripled  after  a  second  application  2  years  later 
when  the  trees  were  9  years  old.  Cones  were  in- 
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creased  proportionally.  Phosphate  had  been  ap- 
plied previously  at  a  rate  of  50  pounds  of  P 

per  acre. 

Irrigation 

For  maximum  tree  grovrth  and  seed  yields, 
soil  moisture  must  be  maintained  at  an  optimum 
level  continuously  throughout  the  growing  sea- 

son. Rainfall  distribution  is  rarely  adequate  for 
maintaining  this  level,  so  irrigation  has  been 
used  in  many  seed  orchards  and  in  a  few  seed- 
production  areas  (fig.  6).  Even  with  the  rela- 

tively high  summer  rainfall  of  the  southeastern 
states,  irrigation  has  been  effective  in  some 
orchards  of  loblolly  pine  (Zobel  1969)  but  was 
of  marginal  value  on  slash  pine  in  northern 
Florida  (Schultz  1969).  Individual  areas  vary 
greatly  in  the  amount  of  supplemental  water 
needed  and  in  the  kinds  of  available  water 
sources.  For  this  reason  the  services  of  an  irri- 

gation engineer  are  required  to  design  an  ef- 
ficient and  economical  system  for  each  area. 
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Irrigation  may  also  be  used  for  pollination 

control.  A  cold  (35'"'  to  48-  F.)  water  spray  has 
been  used  successfully  in  Douglas-f.r  seed  or- 

chards to  reduce  pollen  contamination ;  the  cold 
spray  arrests  floral  buds  in  their  scales  during 
the  period  of  local  pollen  release  (Silen  and 
Keane  1969). 

Pruning 

Pruning  to  shape  the  crown  or  limit  height 
growth  has  been  tried,  to  facilitate  cone  and 
fruit  collection.  Johnsson  (1950)  recommends 
keeping  maximum  heights  below  30  feet.  How- 

ever, because  most  of  the  cones  are  found  in  the 
upper  part  of  the  crown,  such  pruning  or  top- 

ping treatments  may  be  self-defeating.  Yet  a 
few  observations  on  topped  conifers  indicate 
reasonably  good  cone  production.  A  trial  in 
Pennsylvania  in  which  Scotch  pines  16  feet  tall 
were  topped  at  %,  1/2,  and  14  of  total  height 
showed  a  slight  increase  in  the  average  number 
of  female  conelets  3  years  later  for  the  least 
severe  (¥|.  height)  treatment,  but  marked  de- 

creases for  the  more  severe  treatment  (Gerhold 
1965).  In  slash  pine  seed  orchards  also,  light 
and  medium  pruning  improved  flower  produc- 

tion but  heavy  pruning  decreased  it  (Goddard 
et  al.  1963).  In  Texas,  pruning  and  topping  of 
loblolly  and  slash  pine  trees  in  orchards  reduced 
the  number  of  flowers  produced  (Buijtenen 
1968).  Thus,  shaping  of  seed  orchard  trees  to 
facilitate  harvesting  does  not  appear  practical 
(Kellison  1969). 

Pruning  experience  is  largely  lacking  for 
deciduous  forest  trees  or  shrubs  in  which  fruit 
production  is  at  the  ends  of  twigs  over  much  of 
the  crown.  Local  horticultural  practice  for  fruit 
trees  and  bushes  may  provide  useful  guidelines. 

Traumatic  Stimulation  of  Flowering 
Stem  strangulation,  girdling,  bark  inversion, 

restricting  water  supply,  root  pruning,  stem 
bending,  and  similar  practices  have  been  used 
for  short-term  stimulation  of  flower  and  seed 
production  in  forest  trees  with  varying  success 
(Bilan  1960,  J.  D.  Matthews  1962,  Hitt  1964, 
Melchior  1961a,  Melchior  1961b,  Melchior  1962, 
Melchior  and  Heitmiiller  1961,  Faulkner  1966, 
Zobel  ef  al.  1958).  These  practices  are  injurious 
and  are  not  recommended  for  use  in  seed  pro- 

duction areas  or  seed  orchards  where  sustained 
production  is  the  objective. 

Protection  from  Pests 

The  high  investment  in  seed  orchards  justi- 
fies intensive  control  measures  to  protect  them 

from  insects,  diseases,  and  destructive  animals, 
especially  those  that  eat  seeds. 

Insect  control  should  have  high  priority  in 
.stands  managed   for  seed  production   because 

cone  and  fruit  crops  are  ravaged  annually  by 
a  great  variety  of  cone,  fruit,  and  seed  insects. 
Losses  vary  greatly  from  year  to  year,  but  are 
seldom  less  than  10  percent  and  may  be  more 
than  50  percent  (Tripp  and  Hedlin  1956,  Merkel 
1961,  Barnes  ct  al.  1962,  Hedlin  1964,  Graber 
1964,  Mattson  1968,  Dohany  and  Heikkenen 
1968,  Buijtenen  et  al.  1971).  In  red  pine  seed- 
production  areas,  for  instance,  extent  of  insect 
damage  is  related  to  crop  size ;  more  cones  are 
attacked  each  succeeding  year  unless  crop  size 
shrinks  and  makes  it  impossible.  Generally, 
small  crops  reduce  insect  numbers  so  that  few 
cones  are  att-acked  the  following  year  (Mattson 
1971).  Exceptions  occur  when  insects  can  es- 

cape starvation  during  a  poor  cone  year  by 
remaining  inactive  in  a  diapause  condition 
(Hedlin  1964).  Of  course,  while  the  number  of 
cones  attacked  in  a  given  stand  tends  to  in- 

crease each  year,  the  proportion  of  the  total 
cone  crop  attacked  usually  is  much  less  in  a 
good  seed  year. 

All  insect  species  capable  of  damaging  woody- 
plant  fruits,  cones,  or  seeds  are  potential  ene- 

mies. Among  those  already  known  to  cause  seri- 
ous trouble  in  seed-production  areas  and  .seed 

orchards  are  the  following :  Nantucket  pine  tip 
moth  (Rhi/acionia  fru.strana  Comst.),  cone 
worms  (Dioryctria  spp.),  red  spider  mites 
{Paiafetianychus  ilici^  McG.),  aphids  (Cinara 
spp.),  thrips  (mostly  Gnophothripft  piuiphilus 
Cwfd.),  midges  (gall  midge  larvae),  seed  worms 
{Laspiircma  spp.),  scale  insects  (Chionaspis 

spp.),  ants,  sawflies  (Neodip)-io)i  spp.),  black 
turpentine  beetle  {Doidroctonvs  terebrans 
Oliv.),  grasshoppers,  the  Japanese  beetle  (Pnp- 
illia  japonica,  Newm.),  the  shield  back  bug 
(Tetra  bipioictata  (H.  &  S.)),  and  the  red  pine 
cone  beetle  (ConopJithortis  reHinosae  Hopkins) 
mtterbach  1963,  DeBarr  1967,  Miller  and  Tay- 

lor 1968).  Injury  to  yellow  birch  seeds  by  Apion 
u-ahhii  Smith  has  been  noted  (Shigo  and  Yeleno- 
sky  1963).  Furthermore,  grafted  trees  may  be 
damaged  earlv  in  their  lives  by  such  insects  as 
the  pales  weevil  (Hjilohivs  pales  (Hbst.)),  and 
a  beetle  (Pitiiophthorus  pulcarius  Zimm.) 

(Zobel  etal.  1958).    - 
Most  of  these  insect  pests  can  be  controlled 

eff"ectively  and  economically  by  spraying  once  a 
week  to  once  a  year  with  insecticides"  (Cole 
1958,  Merkel  et  al.  1959,  Otterbach,  1963,  Mer- 

kel 1969).  Systemics,  already  widely  used  in  the 

South  and  tested  elsewhere,  may  provide  eff^ec- 
tive  insect  control,  but  they  present  some  haz- 

ards to  the  user  and  animals  (DeBarr  et  al. 
1972).  Biological  controls,  such  as  radiation,  or 

"  The  chaiig-inp  restrictions  on  the  use  of  pesticides 
make  it  advisable  for  owners  or  managers  of  seed-pro- 

duction stands  to  keep  in  constant  contact  with  univer- 
sity and  forest  experiment  station  personnel. 
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chemical  sterilization,  release  of  parasites  or 

predators,  and  spraying  of  viral  material  prom- 
ise safe  control,  but  their  widespread  use  de- 

pends on  increased  knowledge  of  insect  biology 
and  behavior  (Merkel  1969).  Prescribed  burn- 

ing can  be  used  in  controlling  insects  like  the 
red  pine  cone  beetle,  Conophthorus  resinosae 
Hopkins  (Miller  and  Taylor  1968).  Current 
findings  strongly  suggest  that  manipulating 
cone  crops  may  be  an  effective  and  safe  way  to 
suppress  insect  populations  (Mattson  1971). 
Isolating  orchards  from  the  same  or  similar 
tree  or  shrub  species  also  helps  to  keep  the 
number  and  variety  of  seed  and  cone  insects  at 
low  levels.  If  isolation  is  good  the  area  may  be 
free  of  serious  insect  pests  for  many  years 
(Mattson  1971). 

The  incidence  of  tree  diseases  in  seed  or- 
chards and  seed  production  areas  can  be  greatly 

reduced  by  locating  these  areas  away  from  dis- 
ease foci.  Additional  sanitation  measures  can 

be  taken.  For  example,  planting  stock  should 
be  inspected  for  disease  before  planting  and 
any  diseased  stock  should  be  discarded.  Dis- 

eased stock  detected  after  planting  should  be 
removed  promptly  (Buijtenen  1971). 

Threatening  diseases  of  southern  pines  in- 
clude a  cone  rust  {Cronartmm  strobilimmi 

(Arth.)  Hedge.  &  Hahn)  of  slash  pine,  fusiform 
rust  (C.  fusiforme  Hedge.  &  Hunt  ex  Cumm.), 
conifer  root  and  heart  rot  (Fomes  annosus 
(Fr.)  Cke.),  and  some  needle  casts  (Otterbach 
1963,  F.  R.  Matthews  1964).  Some  of  these 
diseases  can  be  controlled  by  chemical  sprays, 
but  this  presents  some  hazards  because  many 
fungicides  injure  pollen  and  thus  hinder  seed 
development  (Zobel  et  at.  1958). 

Fomes  annosus  is  a  potential  hazard  in  the 
United  States  and  Europe  wherever  thinning  is 
done.  Thus,  all  seed-production  areas  and  seed 
orchards  are  susceptible.  For  control,  some 
managers  recommend  removal  of  stumps  and 
their  roots  or  treating  infected  areas  with 
methyl  bromide  (North  Carolina  State  College 
1963,  1967).  In  the  South,  control  has  been  at- 

tained by  limiting  thinning  operations  to  the 
months  of  June,  July,  and  August  and  by  treat- 

ing the  stumps  with  powdered  borax.  In  some 
southern  pine  seed  orchards,  stems  and  root 
systems  of  dead  planted  stock  have  been  lifted 
as  a  precaution  (Otterbach  1963). 

Poria  weirii  Murr.,  a  root-rotting  fungus  of 
conifers,  is  of  concern  in  the  western  United 
States. 

Rabbits  (Sylvilaf/us),  hares  (Lepus),  chip- 
munks (Tamias,  Evtamias),  gophers  (Geomys 

and  Tlwmomys) ,  mice  (Peromyscus,  Clefhrion- 
omys)  and  voles  (Microtvs)  are  a  menace  to 
many  seed-producing  trees  and  shrubs  (Graber 
1970).  In  Sweden  voles  destroyed  about  200 
acres    of    conifer    seed    orchards    (Andersson 

1971).  Intensive  trapping  or  poisoned  baits  may 
be  necessary  to  control  these  mammals.  Other 
animals  that  can  cause  serious  damage,  es- 

pecially to  young  seed  trees,  include  domestic 
livestock,  deer  (Odocoileus),  elk  (Cervus), 
mountain  beaver  ( Aplodontia) ,  porcupines 
(Erethizon),  and  bears  (Euarctos,  Ursus). 
Fences  can  be  constructed  to  keep  the  larger 
animals  out  of  the  orchards.  The  wire  should  be 
extended  high  enough  to  keep  agile  animals, 
such  as  deer,  from  jumping  over.  Small  mesh 
wire  at  the  bottom  can  keep  out  rabbits  and 
hares.  Periodic  inspections  should  be  made  for 
fence  breaks  and  to  determine  the  need  for 
control  of  smaller  animals. 

Squirrels  (Sciurus  and  Tamiascmrus)  have 
cut  as  many  as  70  percent  of  the  cones  in  seed- 
production  areas  (Krugman  and  Echols  1963). 
They  also  clip  buds  and  immature  cones.  Us- 

ually their  depredations  can  be  controlled  by 
placing  aluminum  bands  at  least  14  inches  high 
around  the  tree  trunk  about  5  feet  above  the 
ground  (fig.  3)  and  by  keeping  the  tree  crowns 
at  least  20  feet  apart  (Tackle  1959).  In  some 
localities,  however,  the  bands  must  be  18 

inches  high  to  be  efi'ective  (Krugman  and Echols  1963). 

Birds  present  a  threat  particularly  when 
fleshy-fruited  species  are  being  grown.  Such 
birds  as  the  white-headed  woodpecker  (Den- 
drocopos  alholarvafus  (Cassin))  in  the  West, 

the  yellow-bellied  sapsucker  (Sphyrapicns  var- 
ius  Linnaeus)  in  the  South,  and  the  white- 
winged  crossbill  (Loxia  leucoptcra  Gmelin)  in 
the  North  cause  considerable  damage  to  conifer 
cones ;  a  number  of  species  of  nutcrackers 
(Nucifraga) ,  jays  (Cyanocitta,  Aphelocoma), 
juncos  (Jnnco),  nuthatches  (Sitta),  sparrows 
(PasareUa  and  Zonotrichvs) .  and  chickadees 
(Parns)  also  may  consume  much  conifer  seed 
(Fowells  and  Schubert  1956.  Graber  1970,  Ot- 

terbach 1963).  The  best  solution  probably  is 
prompt  harvesting  of  fruits  before  the  birds 
can  do  much  damage. 

Bird  damage  may  also  come  from  roosting, 
resulting  in  broken  buds,  bent  leaders,  and 
scorched  foliage,  and  from  pecking,  as  by  the 
vellow-bellied  sapsucker  (Zobel  ct  al.  1958,  Ot- 

terbach 1963).  (Control  is  neither  easy  nor  in- 
expensive. It  often  consists  of  using  noise- 

makers,  intensive  patrolling,  or  covering  trees 
with  netting.  In  the  South,  poles  and  bamboo 
canes  have  been  erected  as  perches  to  reduce 
leader  breakage  or  disfigurement  from  blue- 

birds (Scalis)  and  other  birds  (Otterbach 1963). 

Program  Planning 
Seed  orchard  programs  in  the  United  States 

have  been  developed  by  the  cooperative  efforts 
of  state  forestry  agencies,  regional  units  of  the 

66 



III.     SEED  PRODUCTION 

U.  S.  Forest  Service,  and  industrial  forest  land- 
owners. In  general  these  programs  are  made 

for  one  or  more  species  within  a  single  state  or 
region,  and  often  for  a  single  land  owner  or 
class  of  owners.  Three  examples  of  seed  orchard 
planning  in  the  United  States  are  outlined  here. 

In  a  program  for  Georgia  (Hargreaves  and 
Dorman  1956),  seed  orchard  parent  trees  were 
selected  for  fast  growth,  well-formed  trunks 
and  crowns,  freedom  from  diseases,  and  accept- 

able seed  production.  The  aim  was  to  find  100 
plus  trees  each  of  slash  and  loblolly  pine,  and 
to  get  60  to  90  scions  from  each  over  a  2-year 
period.  The  seed  orchards  were  established  in 
three  blocks  of  about  50  acres  each  placed  under 
long-term  lease;  two  were  located  near  large 
nurseries  and  the  largest  near  the  seed  extrac- 

tion plant.  Grafts  were  made  onto  potted  seed- 
lings of  the  same  species  as  the  scion  material. 

(The  plan  was  to  get  more  scions,  if  needed, 
from  the  clones  in  the  orchard.)  Twenty  trees 
were  planted  per  row  at  16-  by  16-foot  spacing. 
The  trees  were  hoed,  mulched,  fertilized, 
watered,  and  weeded  as  necessary.  Graft  sur- 

vival with  potted  stock  was  about  43  percent; 
survival  of  field  grafts  was  about  14  to  17  per- 

cent. The  average  cost  per  tree  successfully 
established  was  about  $20.  It  was  concluded  that 
the  cheapest  method  might  be  to  establish  only 
enough  grafted  trees  in  the  seed  orchard  to  pro- 

vide the  necessary  scion  material  on  the  site  in 
3  to  4  years.  Then  grafts  could  be  made  in  the 
orchard. 

Plans  were  made  to  establish  about  1,000 
acres  of  seed-production  areas  in  California  for 
currently  needed  supplies  of  seed  of  the  prin- 

cipal conifers.  Such  areas  were  to  be  on  level 
to  gently  sloping  land.  The  stands  would  be 
thinned  to  40  to  70  trees  per  acre  on  the  basis 
of  spacing  freedom  from  defect,  and  cone  pro- 

duction. At  the  same  time  orchards  for  future 
production  of  high  quality  seed  were  planned  as 
follows  (Callaham  1965)  : 

a.  Two  hundred  to  400  plus  trees  will  be 
selected  throughout  each  seed  zone  as 
follows:  in  each  candidate  stand  the 
best  one  out  of  100  trees  was  selected,  or 
in  30-  to  50-year-old  stands  the  three 
or  four  tallest  trees  were  measured  and 
the  best  one  was  chosen  (with  good 
form,  branch  angle,  etc.). 

b.  Open-pollinated  seed  will  be  collected 
from  each  selection  in  sufficient  quan- 

tity to  produce  about  500  seedlings  per 
tree  for  progeny  tests. 

c.  One  hundred  or  more  families  having 
the  fastest  height  growth  in  nursery 
progeny  tests  will  be  selected. 

d.  The  selected  families  in  progeny  tests 
will  be  outplanted  on  a  number  of  sites 
throughout  their  seed  zone. 

e.  The  tallest  5  percent  of  the  seedlings  in 
each  outplanted  family  will  be  reserved 
in  the  nursery  for  subsequent  planting 
at  close  spacings  (8  to  10  feet)  on  a 
seed  orchard  site. 

f.  Families  will  be  rogued  from  the  seed 
orchard  on  the  basis  of  family  per- 

formance in  field  progeny  tests  after 
10  to  15  years. 

g.  Subsequent  thinnings  will  be  made  to 
eventually  leave  the  best  10  to  15  per- 

cent of  the  progenies  at  spacings  of  25 
to  30  feet. 

Such  a  seed  orchard  should  produce  faster 
growing  trees  having  a  genetic  base  as  broad 
or  narrow  as  field  tests  warrant,  and  should 
permit  flexibility  in  the  thinning  process. 

Programs  for  producing  blister-rust-resis- 
tant trees  are  underway  for  two  populations  of 

western  white  pine  (Pinns  monticola)  (Bing- 
ham et  al.  1971).  The  population  in  northern 

Idaho  and  northeastern  Washington  is  separate 
and  distinct  from  that  in  the  Cascade  Mountains 

of  Oregon  and  Washington.  Rust-free  trees  are 
easily  located  where  they  persist  in  proportions 
of  less  than  1:10,000.  Rust  resistance  in  these 
selected  trees  had  a  high  degree  of  inheritance 

in  progeny  tests.  About  one-fourth  of  the  candi- 
dates exhibited  general  combining  ability  and 

about  30  percent  of  the  seedlings  fi'om  matings 
between  compatible  trees  survived  intense  ex- 

posure to  the  rust.  The  surviving  Fi  seedlings 
then  were  planted  in  seed  orchards.  Matings  be- 

tween the  F,  trees  are  expected  to  produce  F2 
seedlings  50  percent  of  which  may  be  rust- 
resistant.  Small  orchards  of  grafted  trees,  that 
have  been  set  up  primarily  to  preserve  rust- 
resistant  genotypes,  also  will  contribute  to  seed 
production  (fig.  7). 

A  seed  orchard  program  plan  eventually  must 
include  an  estimate  of  the  acreage  to  be  planted 
each  year  in  each  planting  zone  of  the  subject 
species.  Then  the  number  and  size  of  seed  or- 

chards needed  to  produce  sufficient  seed  for  each 
planting  zone  is  estimated.  The  latter  estimate 
is  based  on  the  expected  average  seed  yield  from 
orchards. 

Seed  yields  in  seed  orchards  depend  largely 
on  the  flower  and  fruit  production  of  component 
clones  or  seedlings.  Number  of  flowers  per  tree 
appears  to  be  a  highly  heritable  character.  Time 
of  flower  receptivity  also  varies  among  clones 
within  an  orchard.  Flowering  (both  male  and 
female)  on  southern  pine  grafts  usually  begins 
2  or  3  years  after  outplanting,  and  some  seed 
production  occurs  at  that  time.  In  Phms  sylves- 
tris  (Scotch  pine),  female  flowers  appear  2  or  3 
years  after  outplaiiting,  but  male  flowers  are 
not  common  until  about  5  years  later ;  hence 
seed  production  may  not  begin  until  8  years 
after  outplanting  of  grafted  plants.  Picea  abies 
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Figure  7. — A  western  white  pine  seed  orchard  near 
Cottage  Grove,  Oreg.,  containing  grafted  trees  5  to 
10  years  old.  Scions  were  obtained  from  blister-rust- 
resistant  trees.  The  cloth  bags  protect  developing 
cones  from  insects. 

(Norway  spruce)  may  not  flower  much  until 
10  or  15  years  after  outplanting  (Faulkner 
1969)  with  seed  production  seldom  beginning 
before  15  years  on  grafted  plants.  This  does  not 
hold  for  grafted  trees  of  P.  glauca  (white 
spruce),  P.  asperata,  (dragon  spruce).  P. 
omorika  (Serbian  spruce),  and  probably  P. 
mariana  (black  spruce).  These  spruces  can  be 
expected  to  produce  seed  abundantly  in  3  to  5 
years  after  grafting  (Nienstaedt  and  Jeffers 
1970).  Douglas-fir  grafted  in  the  field  may  pro- 

duce modest  amounts  of  seed  between  3  and  10 

years  after  establishment  (USD A  Forest  Serv- 
ice 1964,  Stein  1969).  Some  clones  of  Pinus  re- 

peatedly shed  a  large  pi'oportion  of  their  de- 

veloping conelets  and  removal  of  these  clones 
from  the  orchard  was  required  (Faulkner 
1969).  Experience  with  grafted  trees  of  Pinus, 
Picea,  and  Larix  in  Europe  indicates  that  seed 
production  can  be  expected  to  continue  at  least 
60  years. 

Seed  yields  in  orchards  have  been  expressed 
in  several  different  ways.  One  commonly  used 
expressions  is  the  average  annual  seed  yield 
in  pounds  per  acre  of  orchard.  Another  is  the 
acreage  of  orchards  needed  for  a  seed  yield 
suflScient  to  produce  one  million  plantable  seed- 

lings annually.  Estimates  of  these  parameters 
for  12  species  are  listed  in  table  3.  No  two  esti- 

mators used  the  same  assumptions  or  the  same 
safety  factors  in  making  their  estimates.  Con- 

sequently the  range  is  wide  for  each  species. 
When  actual  yields  from  seed  orchards  are 
available  more  precise  estimates  of  unit  produc- 

tion can  be  made. 

Table  3. — Estimated  unit  production  in  seed 
orchards 

Orchard  area 
Average  annual         per  million 

Species  seed  yield '  plantable  seed- 

lings annually " Pounds  per  acre  Acres 

Larix     __  10  ^  2.7 
L.  decidua    10-20  25 

L.  leptolepis    10-20 
L.  xeurolepsis    10-20 

Picea   

P.  abies     __.  13-18  9 

P.  glauca...    25  3-7 
P.  mariana      ...  20-25 

Pinus       

P.  banksiana    ....  5 

P.  elliottii    20-30  '  3-^  5 
P.  resinosa    5  30-37 
P.strobus    20  15-20 

P.sylvestris    10-20  =2.5-5 

P.  taeda    10-40   "2-°  5 

'  Compiled  from  estimates  by  Zobel  ct  al.  1958,  J.  D. 
Matthews  1963,  Anderson  1960,  Klaehn  and  Eliason 
1961,  Buijtenen  1968. 

'  Compiled  from  estimates  bv  Eliason  1963,  Nienstadt 
and  JeflFers  1970,  Rudolf  1959,  Zobel  et  al.  1958,  Anony- mous 1959. 

'  Converted  from  reported  estimates  in  thousands  of 
plantable  seedlings  per  acre  per  year. 

Costs  and  Expected  Economic  Gain 
Actual  costs  and  returns  on  seed  orchards  are 

not  yet  available,  but  an  economic  study  (Davis 
1967)  of  information  available  on  loblolly  pine 
indicates  that  investment  in  seed  orchards  of 

this  species  probably  will  be  profitable.  The  ac- 
complished and  planned  activities  reported  in 
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two  clonal  loblolly  pine  seed  orchards  are  as 
follows : 

'Amount  or  frequency  in — 
Item  Orchard  A 

Plant  rootstocks  395/acre 
Graft  and  release         350/acre 

rootstocks. 
Mulch  rootstocks      Once 
Fertilize        450  lbs.  8-8-8/ 

acre/yr. 
Spray    3  times/yr. 
Disk      3  times 
Mow.      -„      3  times/yr. 
Site  preparation    Subsoiling 

General  supervision  .  Approximately 
Vs  of  super- visor and  a 
full-time 
foreman 

$25/acre/yr. 
24 
5-testor  system 
Integrated  with 

nursery  for 
bldgs.,  equip, 
and  roads 40 

Technical  assistance 
Clones  per  orchard 
Progeny  testing     _ 
Capital  expendi- 

tures. 

Acres  in  seed 
orchard. 

Mature  orchard 
density. 

50  trees/acre 

Orchard  B 
195/acre 
194/acre O 

Once 
1,000  Ibs./acre/ 

yr. 

6  times/yr. 
Once 
5  times/yr. 
Drainage 

ditches 

Approximately 
V-!  of  super- 

visor and  a 
full-time 
foreman 

.$10 /acre/yr. 45 

4-testor  system 
2  bldgs.,  tractor, 

roads 

100 

50  trees/acre 

Selected  average  unit  costs  in  1967  for  man- 
agement activities  on  these  two  loblolly  pine 

seed  orchards  are  as  follows : 

Cost 
$25  per  acre 
$0.75  to  $1.50  per  graft 

$0.13  por  cross 
$20  per  acre 

100  to  $175  per  outplanted 
acre  for  each  occasion 

$550  per  clone  tested 

Item 

Planting  rootstocks.      
Grafting  and  graft  release 
Progeny  testing: 

a.  One-bagged  cross 
b.  1  acre  of  progeny  out- 

planted  (extra  cost). 
c.  Measurement  of  out- 

planted  progeny. 
d.  Present  value  of  total 

progeny  testing  costs 
at  time  progeny 
testing  is  initiated 
(assume  5-testor 
system,  5  percent 
interest  rate  and 
measurements  at  1,3, 
5,  10,  15,  and  30  yrs.). 

e.  Acres  outplanted  to 
test  each  clone. 

Seed  orchard  harvesting 
and  extraction  costs. 

Location  and  selection  of 
parent  clones. 

Estimated  total  average 
annual  seed  orchard 
operating  expense 
during  commercial 
production. 

A  cost  model,  quantified  with  these  data,  in- 
dicated that  gross  seed  production  costs  were 

2  acres  per  clone  (5-testor 
system) 

$2.35  per  lb.  seed 

0.5  percent  of  seed  cost 

$217  per  acre 

within  the  range  of  $10  to  $15  per  pound.  To 
justify  this  cost,  wood  yields  from  commercial 
plantations  must  be  2  to  5  percent  greater  than 
yields  obtained  using  ordinary  seed.  This  range 
is  equivalent  to  a  break-even  increment  of  about 
one  additional  cord  per  acre  at  30  years.  Pre- 

dicted increases  in  yield  from  plantations  es- 
tablished with  seed  from  orchards,  however, 

range  from  5  to  10  percent.  Investment  in  lob- 
lolly pine  seed  orchards  therefore  appears  to  be 

economically  justified  (Davis  1967  and  1969). 
This  conclusion  is  supported  by  the  work  of 
Bergman  (1968). 

Another  prediction  is  that  successive  in- 
creases in  volume  production  of  10  percent  can 

be  obtained  in  each  of  several  generations  of 
loblolly  pine  seed  orchards.  Improvements  in 
wood  quality  and  resistance  to  pests  probably 
will  make  an  additional  economic  contribution 
(Buijtenen  et  al.  1971). 

Early  results  with  slash  pine  also  are  promis- 
ing for  future  economic  gain.  Slash  pine  stock  1 

year  after  planting  in  progeny  tests  gave  mean 
heights  in  feet  as  follows:  nursery-run,  1.27; 
seed-production  areas,  1.31;  bulked  seed  or- 

chards, 1.54;  and  specific  superior  tree  crosses, 
1.80  (Goddard  et  al.  1963).  Open-pollinated 
progenies  from  slash  pine  seed  orchards  in 
Florida  were  generally  superior  to  controls  5 
years  after  planting  in  height  (up  to  15  percent) 
and  dry  matter  (up  to  60  percent)  (Goddard 
and  Strickland  1968).  Fifth-year  data  indicated 
that  the  select  slash  pine  progenies  could  pro- 

duce 116  percent  of  the  average  yield  of  pulp- 
wood  at  25  years  and  that  the  best  lines  could 
produce  158  percent  of  the  average  yield.  The 
same  tests  indicated  good  chances  for  improving 
stem  straightness,  fineness  of  branches,  and  re- 

sistance to  fusiform  rust  infection  by  controlled 
pollination ;  control-pollinated  progenies  also 
showed  variable  growth  response  to  fertilizers 
(Goddard  and  Strickland  1970). 
For  other  species,  regions,  products,  and 

values,  different  calculations  must  be  used.  Some 
characteristics  such  as  increased  resistance  to 

injury,  uniformity  in  size  (an  advantage  in 
mechanized  logging)  greater  forage  value,  and 
better  soil  protection  will  be  difficult  to  evaluate. 
They  may  all,  however,  help  to  offset  the  added 
costs  of  improved  seed. 

As  flower  induction  techniques,  nursery  prac- 
tices, and  forest  management  techniques  im- 

prove, it  is  probable  that  the  amount  of  seed 
produced  per  unit  area  will  increase.  This  will 
permit  production  of  the  needed  seed  on  a  rela- 

tively small  area.  As  second  and  third  genera- 
tion orchards  come  into  production,  seed  or- 

chard seed  probably  will  become  abundant  and 
hopefully  all  planting  will  be  done  with  stock 
derived  from  these  improved  seed  sources. 
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STATISTICAL  SUMMARY  OF 
SEED-PRODUCTION  AREAS  AND 

SEED  ORCHARDS 

The  establishment  of  seed  orchards  and  seed 
production  areas  in  the  United  States  is  preceed- 
ing  at  a  rapid  rate.  Estimates  of  total  area  re- 

quired for  individual  species  are  revised  fre- 
quently as  more  precise  data  on  seed  yields  and 

plantable  areas  are  accumulated.  Although  no 
compilation  has  been  made  of  total  area  re- 

Table  4. — Species  for  -which  seed-pi'oduction 
areas  or  seed  orchards  have  been  established 

Seed- production     Area  of 
areas  estab-    seed  or- 

Species                           lished  as  of  chards  as 
December  of  Septeni- 

  1967  '        ber  1970  "- 
Acres 

Abies  concolor,  white  fir    -f-  — 
A.  fraseri,  Fraser  fir...      —  9 
A.  grandis,  grand  fir    -|-  — 
A.  procera,  noble  fir    -|-  20 
Acer  rubrum,  red  maple    -j-  4 
Castanea  dentata,  American  —  1 

chestnut. 
C.  mollisima,  Chinese  chestnut...  —  3 
Juglans  nigra,  black  walnut    -f  57 
Larix  decidua,  European  larch...  -j-  — 
L.  leptolepis,  Japanese  larch    —  8 
Liquidambar  styraciflua,  +  15 

sweetgum. 
Liriodeyidron  tulipfera,  -f-  54 

yellow-poplar. 
Picea  abies,  Norway  spruce....    +  3 
P.  glauca,  white  spruce    -f  42 
Pinus  attenuata,  knobcone  pine..  —  5 
P.  clausa,  sand  pine    —  123 
P.  coiilferi  and  P.  jeffreyi^    —  2 
P.  echinata,  shortleaf  pine    -f-  529 
P.  elliottii,  slash  pine...      -f-  2324 
P.  jeffreyi,  Jeffrey  pine      —  7 
P.  lambertiana,  sugar  pine...    —  42 
P.  monticola,  western  white  pine.  +  53 
P.  palusfris,  longleaf  pine    -j-  245 
P.  ponderosa,  Ponderosa  pine    +  20 
P.  resinosa,  red  pine    -j-  — 
P.  rigida,  pitch  pine    —  14 
P.  serotina,  pond  pine    —  22 
P.  strobus,  eastern  white  pine.....  -|-  212 
P.  sylvestris,  Scotch  pine    -|-  — 
P.  taeda,  loblolly  pine    +  2793 
P.  virginiana,  Virginia  pine    -j-  178 
Platamis  occidentalis,  sycamore.  —  2 
Primus  serotina,  black  cherry    —  8 
Pseudotsuga  menziesii,  -f  435 

Douglas-fir. 
Quercus  alba,  white  oak      —  4 
Q.  falcata,  cherrybark  oak    —  2 
Q.  rubra,  northern  red  oak    -+-  4 
Tsuga  canadensis,  eastern  +  — 

hemlock.   

  Total  area  (acres)          ■'~10.000  7257 
^  Paul  0.  Rudolf,  data  filed  1967.  USDA  Forest  Serv., 

North  Central  Forest  Exp.  Sta.,  St.  Paul,  Minn. 
=  USDA  Forest  Serv.  (1971). 
•■'  For  producing  hybrid  seed. 
♦USDA  Forest  Serv.  (1966). 

quired  for  each  species,  statistics  are  available 
on  the  status  of  seed-production  areas  in  1967 
and  of  seed  orchards  in  1970  (tables  4  and  5). 
More  than  90  percent  of  the  seed  orchard  area 
was  established  with  vegetatively  propagated 
clones  (USDA  Forest  Service  1971). 

In  addition,  centers  have  been  established  at 
several  southern  nurseries  to  produce  cuttings 
of  Populus  deltoides  (eastern  cottonwood)  from 
genetically  superior  ortets.  Similar  centers  also 
are  used  to  produce  cuttings  of  hybrid  poplars. 
Several  nurseries  in  the  northern  Great  Plains 

grow  a  rust-i'esistant  cottonwood  and  a  selec- 
tion of  Ulmus  pumila  (Siberian  elm)  developed 

and  certified  by  the  South  Dakota  Agricultural 
Experiment  Station  (Chapter  VIII). 

Table  5. — Seed  orchard  areas  summarized  by 
States  and  type  of  ownership  as  of  September 
1,1970  (USDA  Forest  Service  1971) 

  Type  of  ownership 
State               Indus-  Total 
  trial          State       Federal        area 

Acres  Acres  Acres 
Alabama    330  145  3 
Arkansas    25  37  242 
California    —  —  56 
Florida      866  722  — 
Georgia      614  320  — 
Idaho        _  _  23 
Kansas     —  54  — 
Kentucky...    —  40  12 
Louisiana         .    .  267  142  174 
Mississippi    163  —  289 
North  Carolina  438  119  200 
Oklahoma    —  41  — 
Oregon      51  —  235 
Pennsylvania     .  —  58  2 
South  Carolina  223  148  107 
Tennessee  80  128  18 
Texas       73  67  — 
Virginia.....       68  372  — 
Washington  126  —  93 
West  Virginia  —  —  2 
Wisconsin       —   -—   76   

Total       3,324  2,393  1,532        W,257 

'  Seed  orchard  area  in  Tennessee  includes  8  acres  in 
private,  nonindustrial  ownership. 
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Chapter  IV 

POLLEN  HANDLING 

by  E.  B.  Snyder  ̂   and  K.  E.  Clausen 

Genetic  improvement  of  trees  often  requires 
cross-breeding  of  superior  individuals.  As  in- 

terest in  tree  improvement  increases,  seedsmen 
w^ill  have  to  become  increasingly  proficient  at 
artificial  pollination.  The  quantity  and  viability 
of  seeds  obtained  per  unit  of  elToii;  depends 
largely  upon  pollen  handling  methods.  This 
chapter  outlines  procedures  for  pollen  collec- 

tion, extraction,  storage,  and  testing.  For  de- 
tailed information  on  individual  species,  the 

practitioner  should  consult  the  references  cited. 
Careful  study  and  planning  could  mean  a  saving 
of  several  years  of  effort. 

Dat^  describing  conditions  for  storing  and 
for  germinating  pollen  are  included  here  for 
many  hardwood  species  that  are  not  included 
in  Part  2  of  this  manual.  Although  seed  data 
may  be  lacking  on  these  species,  the  pollen  data 
are  included  here  to  bolster  the  meager  infor- 

mation on  hardwood  pollen. 

COLLECTION 

Proper  timing  of  collection  is  tricky,  since 
female  flowers  may  quickly  pass  their  period  of 
receptivity.  Pollen,  usually  released  naturally 
during  this  period,  often  must  be  collected  ahead 
of  time  to  leave  suflRcient  time  for  processing. 
Criteria  for  judging  pollen  maturity  and  proce- 

dures for  increasing  the  lead  time,  such  as  cut- 
ting and  culturing  branches  bearing  male  pai'ts, 

are  described  in  this  section. 
Flowering  dates  of  individual  species  as  listed 

in  Part  2  of  this  manual  are  sufficient  for  gen- 
eral planning.  However,  exact  timing  will  vary 

by  locality,  year,  and  individual  tree.  Even  the 
time  of  day  can  be  important  (60). 

For  pines,  the  nearest  to  maturity  the  strobili 
are  picked,  the  easier  the  subsequent  operations 
and  the  better  the  results.  If  picked  too  imma- 

ture the  strobili  will  not  release  pollen.  The 
breeder  can  be  certain  the  strobili  are  mature 
if  some  of  them  on  the  tree  are  already  shed- 

ding, but  it  is  often  impractical  to  delay  this 
long.  There  are  several  other  reliable  indicators 

Southern  Forest  Exp  Stn. 
North  Central   Forest  Exp.  Stn. 

of  ripeness  in  southern  pine  strobili  (70).  The 
strobili  are  less  clustered  than  earlier.  Their 
basal  parts  are  limber  enough  to  bend  when 
slight  pressure  is  put  on  the  tip.  The  basal 
scales  are  loose,  causing  the  lower  part  of  the 
strobili  to  appear  rough.  Rapid  elongation  ex- 

poses different  colored  tissue  between  the  basal 
scale  tips.  When  the  strobili  are  squeezed,  a  yel- 

low pasty  substance  exudes  instead  of  a  watery 
liquid.  The  strobili  assume  a  mature  color  char- 

acteristic of  the  species;  for  example,  loblolly 
pine  strobili  often  lose  their  purple  pigment  and 
turn  greenish  yellow. 

One  must  estimate  the  desired  amount  of 
pollen  and  from  this  amount  the  quantity  of 
flowers  to  collect.  For  example,  with  southern 
pines  0.2-0.3  ml.  (51)  are  needed  per  pollina- 

tion bag,  and  it  takes  a  minimum  of  150  ml.  to 
mass-pollinate  a  tree.  However,  if  a  sufficient 
amount  is  not  available,  pollen  can  sometimes 
be  diluted.  Dilution  of  live  pollen  with  50  per- 

cent dead  pollen  of  the  same  species  or  other 
diluents,  such  as  talc  or  Lycopodium  spores, 
does  not  decrease  seed  yields  in  many  species 
(H).  The  quantity  to  be  collected  and  the  time 
it  will  take  can  be  estimated  by  knowing,  for 
example,  that  a  liter  of  loblolly  pine  strobili 
may  yield  about  150  ml.  of  pollen  and  that  it 
will  take  from  !/_>  to  1  hour  to  pick  this  amount. 
Some  pollen  yield  figures  are  shown  by  genera 
in  table  1. 

Male  flowers  can  be  collected  with  a  pole 
pruner,  shot  down  by  rifle,  or  obtained  by  climb- 

ing (138).  If  they  are  scattered  through  a  tree 
that  must  be  climbed,  the  use  of  a  rope  with  a 
taut-line  hitch  holding  the  collector  enables  him 
to  pick  the  flowers  safely  from  the  top  to  bottom 
of  the  tree. 

Individual  trees  within  a  species  may  vai'y 
by  many  weeks  in  flowering  time.  Forcing  pollen 
to  shed  early  from  late-flowering  trees  is  often 
necessary  to  pollinate  early-flowering  trees.  Us- 

ually this  technique  entails  cutting  branches 
that  bear  male  parts  and  culturing  them.  This 
method  is  the  only  way  to  obtain  viable  pollen 
from  mo.st  hardwoods.  For  some  hardwoods,  col- 

lection of  branches  is  necessary  to  safeguard 
their  male  flowers  against  late  spring  frost. 
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Table  1. — Pollen  yields 

Quantity  of  Volume         Data 
Genus  flowers  of  pollen       source 

Milliliters 
Alnus...      100  catkins  4  5 
Betula      100  catkins  1-20 
Fagus        100  inflorescences  1-1.6  5 
Larix    100  strobili  1.0-1.4  5 
Liquidambar^-   100  flowers  20-30  Beland ' 
Liriodendroii-  -   15-20  flowers  5  160 
Pinus    100  strobili  14.0-35.0  158 

100  strobili  7.0-33.0 
1  liter  of  strobili  100-200 

Platanus    100  heads  8  7 

Popuhis      100  catkins  50-100  Pauley  = 
Pseudotsiiga..^  100  strobili  0.7-3.7  18 
Quercus.      1  liter  of  catkins  2.5-5  78 
Ulmus    100  flowers  0.1-0.4  Lester  = 

'  Beland,  J.  W.  Data  recorded  April  1968.  USDA  For- 
est Service,  Southern  Forest  Experiment  Station,  Gulf- 

port,  Mississippi. 

"  Pauley,  S.  S.  Correspondence,  January  16,  1968. 
Formerly  at  School  of  Forestry,  University  of  Minne- 

sota, St.  Paul.  Now  deceased. 

''Lester,  D.  T.  Correspondence,  March  2,  1968.  De- 
partment of  Forestry,  University  of  Wisconsin,  Madi- 

son. 

How  early  can  branches  be  detached?  A  spe- 
cies that  flowers  only  after  a  period  of  dormancy 

can  normally  be  cut  after  it  has  passed  through 
this  period.  The  time  interval  preceeding  normal 
pollen  shedding  during  which  branches  can  be 
detached  is  indicated  in  table  2.  These  figures 
together  with  the  local  estimated  flowering 
date  will  give  some  idea  of  the  earliest  date  that 
cuttings  can  be  made. 
For  species  such  as  Populus  tremula, 

branches  bearing  male  flower  buds  can  be  col- 
lected in  the  early  fall  before  the  leaves  drop. 

The  branches  must  be  chilled  by  placing  their 
cut  ends  in  water  in  a  cold  room  at  4°  C.  for  1 
to  2  weeks.  Then  they  can  be  moved  to  a  green- 

house and  forced  to  shed  pollen  several  months 
before  normal  spring  flowering  (129). 

The  actual  cutting  date  may  be  pinpointed  by 
following  flower  development.  Gymnosperm 
branches  should  not  be  cut  until  the  pollen 
grain  has  developed  suflRciently  (137) ,  as  shown 
by  a  simple  acetocarmine  smear  technique 
(123).  Certain  hardwoods  will  not  shed  pollen 
if  the  branches  are  collected  earlier  than  1  or  2 

Table  2. — Conditions  for  forcing  flowers  on  cut  branches  to  shed  pollen 

Tungsten  filament  light  Time  before  nor- /^  Air   mal  pollen  release  Data 
temperature  ,-,  -r-..  .  „„„  Exposure  to  harvest  flow-                 source 

  ^P^*^^  distance  time  per  day  ering  branches   
°C.  Watts  Meters  Hours  Weeks 

Abies...                       27  600  1  20  3  164 
Acer      ..__  ..._  4  166 

16  to  22  500  1  15  12  57,76 
Alnus              10  to  16  ....  -  4-5  5 

Up  to  27  600  1  18-22  16Jf 
Betula              16  to  22  500  1  15  12-15  57,  76 

Up  to  27  600  1  18-22  _  16Ji. 
20  160  1  20  12 

Carpinus                     20  160  1  20  12 
Cedrus                       27  600  1  20  4  16Ji. 
Chamaectjparis                    27  600  1  20  3  164 
Corylus..                    10  ....  ....  ....  3-4  22 
Fagus              15  to  20  ....  ....  ....  1-2  5 

Up  to  27  600  1  18-22  ...  164 
Fraxinus      3  166 

Up  to  27  600  1  18-22  164 
16  to  22  500  1  15  12-15  57 

Larix                         20  200  1.5  24  3  164 
Liquidambar            20  to  22     8  Schmitt ' 
Ostrya                     20  160  1  20  12 
Picea   _.                     27  600  1  20  8  16Jf 
Pinus                       27  600  1  20           .  4  164 
Populus...                     20  500  1  15  12-15  57,  Einspahr  = 
Prunus            16  to  22     12-15  76 
Pseudotsuga                    27  600  1  20  4  164 
Quercus              20  to  22  500  1  15  1-3  5,57,78 
Salix     _..          16  to  22  500  1  15  12-15  57 
Sequoia.                       15  60  1.5  24  164 
Tsuga                      25  400  1  20  8  164 

Ulmus           16  to  22  500  1  15  12-15  57',  Lester' 
Vaccinium                     20  ....  1-2  88 

'  Schmitt,  D.  M.  Observation  recorded,  1968.  USDA  Forest  Service,  Southern  Forest  Exp.  Sta.,  Gulfport,  Missis- sippi. 

'  Einspahr,  D.  W.  Correspondence,  March  29,  1968.  Institute  of  Paper  Chemistry,  Appleton,  Wisconsin. 
'  Lester,  D.  T.   Correspondence,  March  21,   1968.   Department  of  Forestry,  University  of  Wisconsin,  Madison. 
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days  before  anthesis.  Examples  are :  Eucalyptus 

(9),  Liqiiidambar  styraciflua  (Wilcox'*),  Lirio- 
dendroyi  tulipifera  (136,  160),  Pistacia  (145), 
Platanns  occidentalis  (Wilcox'^),  Primus  sero- 
tina  (Forbes^),  some  Querciis  (5),  and  most 
species  of  the  genera  Cydonia,  Mains,  Prmms, 
and  Pyrus  (13,  66,  167).  Sugar  maple  (Acer 
saccharum)  pollen  cannot  be  forced  on  cut 
branches  (72).  Instead,  pollen  can  be  collected 
from  dehiscing  flowers  with  the  help  of  a  bat- 

tery-powered vibrator  (50). 
Cuttings  should  be  made  preferably  in  the 

late  afternoon  during  mild,  sunny  weather,  fol- 
lowing rain.  The  branches  will  contain  a  maxi- 

mum amount  of  sugar  under  these  conditions. 

While  cuttings  up  to  70  cm.  long  are  satis- 
factory, a  length  of  20  cm.  was  equally  good 

for  oak  (Quercas)  and  beech  (Fagus)  in  cul- 
ture (5).  These  fiindings  are  probably  applica- 

ble to  other  species.  Initial  lengths  should  be 
longer  than  20  cm.  to  allow  for  trimming.  Good 
results  are  obtained  by  placing  the  freshly  cut 
branches  in  water  immediately.  For  periods  of 
less  than  4  hours,  the  cuttings  may  be  kept  in 
polyethylene  bags  with  a  little  wet  sphagnum 
moss,  but  for  such  storage  over  longer  periods, 
refrigeration  is  needed.  Packing  in  snow  also 
helps  to  preserve  the  cuttings. 

Conditions  for  forcing  vary  by  species,  but 
flowers  of  any  species  must  have  an  abundant 
supply  of  moisture.  The  basal  ends  of  the  cut- 

tings can  be  placed  in  a  container  of  water. 
Another  method  is  to  connect  a  rubber  tube 
from  an  overhead  water  dispensing  bottle  to 
the  base  of  a  stem.  In  this  manner,  water  enters 
the  stem  under  a  slight  pressure,  and  the  likeli- 

hood of  xylem  plugging  or  water  depletion  is 
decreased. 

When  branches  are  kept  in  containers  of 
water,  precautions  should  be  taken  to  avoid 
plugging  of  vessels  by  micro-organisms  (77). 
Stem  ends  should  be  cut  on  a  slant  with  a  graft- 

ing knife  to  increase  the  cross-sectional  area  of 
the  stems.  Water  for  the  cuttings  should  be 
changed  daily  for  most  species,  every  other  day 

for  Populus  (Einspahr'')  and  at  least  once  a week  for  Betula.  Stem  ends  should  be  cut  at  each 

change  of  water.  Cut-flower  preservatives  that 
contain  antiseptic  substances  can  be  added  to 
the  water,  often  with  good  effects. 

Judicious  application  of  plant  growth  regula- 
tors may  one  day  be  standard  procedure  for 

speeding  pollen  shedding.  The  positive  results 

'Wilcox,  J.  R.  Correspondence,  March  28,  1968.  Pur- 
due University,  Department  of  Agronomy,  Lafayette, 

Indiana. 

*  Forbes,  D.  C.  Correspondence,  May  14,  1968.  Division 
of  Forestry  Development,  Tennessee  Valley  Authority, 
Norris,  Tennessee. 

'  Einspahr,  D.  W.  Correspondence,  March  29,  1968. 
Institute  of  Paper  Chemistry,  Appleton,  Wisconsin. 

obtained  on  a  few  species  are  encouraging  for 
further  research  on  controlling  time  of  flower- 

ing. Treatment  of  cut  branches  with  0.25-  to 
1-percent  gibberellic  acid  caused  Betula  papyri- 
fera  to  shed  pollen  16  days  earlier,  and  Acer 
rubrum  and  Prunus  pensylvanica  9  days  earlier 
than  the  regular  forcing  procedure  (76).  Other 
aspects  of  pollen  physiology  have  been  reviewed 
extensively  (58,  80,  81). 

If  the  flowers  are  immature,  they  should  be 
covered  with  polyethylene  bags  to  keep  relative 
humidity  at  about  90  percent  and  prevent  desic- 

cation. Near  shedding  time,  the  bag  should  be 
loosened  to  lower  the  humidity  gradually  to 
about  65  percent  so  that  dehiscence  will  occur 
without  the  anthers  shrinking  or  the  opening 
mechanisms  being  destroyed.  Later,  as  a  final 
step  to  accelerate  drying,  the  bag  may  be  taken 

off"  or  a  small  cloth  bag  containing  50  g.  of  silica 
gel  inserted.  Flowers  of  Betula  and  Populus 
can  be  forced  to  shed  under  ordinary  green- 

house conditions  without  bags. 

Proper  temperatures  and  light  conditions  are 
given  in  table  2.  Natural  day  length  can  be  ex- 

tended by  placing  tungsten  filament  lamps  with 
up  to  600  watts  about  1  m.  above  the  flowers. 
As  the  flowers  develop  and  approach  shedding, 
an  increase  in  temperature  may  be  desirable  to 
speed  shedding  but  temperature  should  be  kept 
low  enough  to  prevent  desiccation. 

EXTRACTION 

When  flowers  on  cut  branches  are  close  to 
shedding,  they  may  either  be  picked  and  placed 
in  an  extractor  or  allowed  to  shed  on  the  cut 
branches.  In  the  latter  case,  needles  or  leaves 
onto  which  the  pollen  might  fall  should  be  re- 

moved. The  stems  can  be  transferred  to  a  flat 
dish  with  the  flowers  hanging  over  its  edge. 
Pollen  may  be  allowed  to  shed  on  a  flat  surface 
of  glass,  vellum,  waxed  paper,  or  other  material 
from  which  it  can  be  conveniently  scraped  into 
vials  or  picked  up  with  a  suction  device  (62, 
16 U).  To  avoid  contamination  between  samples, 
the  stems  from  individual  trees  can  be  placed  in 
special  pollen  proof  chambers  (5,  106) .  Alterna- 

tively, isolation  bags  can  be  tied  around  the 
flowers  and  the  pollen  allowed  to  shed  in  the 
bags  (25,  70).  Parchment  bags  are  recom- 

mended for  Betnla,  glassine  bags  for  Ulmiis 

(Lester"),  and  viscose  bags  for  Picea  and Pinus. 

Bagging  male  flowers  on  the  tree  is  another 
method  of  recovering  pollen  early.  Pollen  is 
usually  recovered  several  days  earlier  on  the 
tree  than  it  would  be  by  placing  nearly  ripe 
flowers  in  extractors.  This  leeway  will  ease  a 
tight   pollination    schedule.    The   procedure    is 

"Lester,  D.  T.  Correspondence,  March  21,  1968.  Uni- 
versity of  Wisconsin,  Department  of  Forestry,  Madison. 
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particularly  handy  for  trees  difficult  to  observe 
or  to  collect  from  at  precise  times.  Excellent 
storage  resulted  when  bagged  Pinus  strobili 
were  struck  from  the  tree  just  as  they  had  begun 
to  shed  (70).  The  male  flowers  can  be  bagged  at 
the  same  time  as  the  female  flowers  using  simi- 

lar methods  and  materials.  Whole  trees  instead 
of  individual  branches  are  sometimes  covered. 

For  species  having  male  strobili,  an  efficient 
and  simple  procedure  is  to  pick  them  just  be- 

fore they  shed  and  place  them  in  an  extractor. 
Several  precautions  are  necessary  to  obtain  a 
good  volume  of  clean,  dry  pollen.  Most  surface- 
contaminating  pollen  on  strobili  of  Pinus  may 
be  floated  off  by  immersing  them  in  an  over- 

flowing container  of  water.  But  this  treatment, 
when  applied  to  male  catkins  of  some  hardwood 
species,  may  cause  pollen  to  germinate  almost 
immediately.  Strobili  of  some  Pinus  species  have 
been  soaked  in  water  at  40°  C.  for  1  hour  and 
partially  dried  with  paper  towels  before  they 
are  placed  in  extractors  (35). 

Pollen  of  most  species  must  be  partially  dried 
during  extraction  or  promptly  thereafter  be- 

cause wet  pollen  will  die.  If  large  volumes  of 
pollen  are  to  be  extracted,  male  flowers  may  be 
stacked  in  trays  with  bottom  screens  so  that  air 
circulates  readily.  Seed  trays  are  often  used.  The 
flowers  should  be  piled  so  thinly  that  the  bottom 
of  the  extractor  can  be  seen  in  some  spots; 
otherwise,  drying  will  be  slow  and  pollen  yield 
will  be  low.  In  dry  climates  or  in  conditioned 
rooms,  the  flowers  may  be  spread  out  on  waxed 
paper.  Small  lots  are  often  put  in  pollen-tight 
extractors  and  filtered  air  is  pumped  through 
them  (23).  To  extract  pine  pollen  in  the  humid 
south,  air  should  be  dried  to  a  relative  humidity 

of  20  percent  and  heated  to  25°  C.  Under  these 
conditions  insect  larvae  die,  and  clean,  dry 
pollen  is  recovered  in  36  hours  (137).  Warm-air 
extraction  also  has  been  used  for  pollen  of 
Platanus  occidentaUs  (7).  A  controlled  stream 
of  forced,  warm,  dry  air  may  be  maintained  un- 

til the  extracted  pollen  has  a  moisture  content 
near  optimum  for  storage.  An  additional  refine- 

ment to  minimize  loss  of  viability  of  the  pollen 
during  extractions  is  the  use  of  a  stream  of  dry 
carbon  dioxide  gas  in  place  of  air  (5U). 

When  the  moisture  content  of  the  extracted 
pollen  is  too  high  for  use  in  pollination  or  for 
storage,  additional  drying  can  be  accomplished 
by  using  the  methods  described  in  the  next  sec- 

tion. Extracted  pollen  should  not  be  allowed  to 
absorb  moisture  from  ambient  air.  Damp  pollen 
tends  to  cake  and  caked  pollen  cannot  be  dis- 

persed for  pollination. 
Flower  parts,  insects,  and  other  debris  should 

be  screened  out.  If  they  are  not  built  into  ex- 
tractors, separate  60-100  mesh  screens,  such  as 

those  for  soil  testing,  may  be  used.  Small  sam- 
ples of  some  species  can  be  sifted  through  voile 

cloth.  Scattering  can  be  prevented  by  forming 

a  pouch  of  cloth  at  the  top  of  a  fruit  jar,  placing 
flowers  on  it,  and  screwing  the  lid  on  to  hold 
the  pouch  in  position  before  shaking  the  jar. 

A  fractionator  that  both  dries  and  cleans 
coniferous  pollen  has  been  developed  (165).  In 
this  device,  a  current  of  dried  air  through  a 
column  is  adjusted  to  separate  the  pollen  mass 
into  dead  pollen,  viable  pollen,  and  heavy  debris. 
The  system  has  been  used  on  species  of  Pinus, 
Picea,  Pseudotsuga  and  Larix. 

Extracting  and  screening  equipment  should 
be  decontaminated  before  use  to  kill  any  fungi 
or  residual  pollen  from  previously  extracted  lots 
that  may  be  present.  Decontamination  may  be 

accomplished  by  heating  the  equipment  at  80°  C. 
for  12  hours,  by  washing  it  with  rubbing  al- 

cohol, or  by  exposing  it  for  2  days  in  a  sealed 
polyethylene  bag  containing  a  cotton  swab 
soaked  with  about  0.5  ml.  of  1,  2-epoxypropane. 
After  treatment,  the  equipment  should  be 
flushed  with  dry  air  to  drive  off  the  toxic  vapors. 

Pollens  of  insect-pollinated  species  are  us- 
ually sticky  and  hence  more  difficult  to  extract 

than  those  of  wind-pollinated  species.  Pollen 
yield  is  often  low.  Mains  and  Pyrus  flowers  are 
collected  when  they  are  balloon  shaped,  dried 

in  trays  for  36-48  hours  at  20°  C,  and  rubbed 
over  a  screen  through  which  only  anthers  will 
pass  (6,  109).  This  procedure  is  also  used  for 
Pistacia  (li5)  and  Prunus  serotina  (Forbes*). 
Anthers  of  Prunus  armemaca  and  Vitis  are  re- 

moved from  the  flowers  and  allowed  to  dry  and 
dehisce  on  a  watch  glass  {11^2).  Pollen  has  even 
been  extracted  from  bees  by  means  of  a  collect- 

ing device  attached  to  the  hive  entrance  H-l). 
Male  catkins  of  the  genus  Castanea  contain  a 
nectar  that  tends  to  cake  the  pollen.  They  should 
be  allowed  to  dry  partially,  then  dropped  onto  a 
glass  plate  or  wax  paper  from  which  pollen  can 
be  scraped  with  small  wooden  sticks  (52,  98). 
The  pollen  can  be  stored  on  the  sticks,  which 
subsequently  are  used  as  pollen  applicators.  The 
sticky  pollen  of  Liriodendron  tuUpifera  can  be 
collected  by  jarring  dehiscing  rings  of  anthers 
(160).  Alternatively,  it  may  be  extracted  in 
water  and  the  suspensions  used  for  pollinations 
(136).  Flowers  of  Macpwlia  are  collected  just 
before  the  petals  have  separated  completely. 
The  anthers  are  removed  and  allowed  to  dehisce 

on  paper  plates  (Santamour  ■^). 
For  species  having  sticky  pollen,  the  extrac- 

tion process  can  be  bypassed  by  manually  polli- 
nating the  stiemas  on  the  female  parent  with 

freshly  excised  stamens  from  the  male  parent. 
This  procedure  has  been  used  on  species  of 
Acacia    (Nixon  ̂ ),    Acer    (72),    Aleurites    (i), 

'  Santamour,  F.  S.  Correspondence,  June  27,  1968. 
USDA  Apricultural  Research  Serv.,  National  Arbore- 

tum, Washington,  D.  C. 

'  Nixon,  K.  Correspondence,  June  28,  1968.  Wattle  Re- 
search Institute,  University  of  Natal,  Pietermaritzburg, 

South  Africa. 
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Cararjana  (Cram''),  Castanea  (98),  Excalyptus 
(9),  Liriodendron  (17,  136,  1^7),  and  Ruhus 
(45).  Unopened  flowers  were  collected  from  the 
male  parent  and  held  until  the  anthers  started 
to  dehisce.  The  entire  flowers  were  carried  to 
the  female  parent.  Stamens  were  excised  and 
their  anthers,  with  loosely  adhering  pollen 
grains,  immediately  were  brushed  over  the 
stigmas  of  the  femiUe  parent  {136). 

DRYING  AND  STORAGE 

Pollen  is  used,  where  possible,  during  a  pe- 
riod of  several  weeks  following  extraction.  In 

many  situations,  however,  it  is  desirable  to  hold 
over  the  pollen  for  use  in  subsequent  years.  To 
preserve  the  viability  of  pollen,  even  for  a  few 
weeks,  prompt  and  rapid  processing  is  neces- 

sary. Otherwise,  the  small  supply  of  stored  food 
in  each  pollen  grain  either  will  be  consumed  in 
respiration  or  will  deteriorate  and  the  pollen 
will  die.  Processing  to  preserve  viability  in- 

volves decreasing  the  moisture  content,  lowering 
the  temperature,  and  in  some  cases,  excluding 
oxygen.  These  changes  slow  up  respiration  and 
other  metabolic  processes  and  thus  make  the 
pollen  nearly  inactive  or  dormant. 

The  amount  of  drying  needed  for  storage  de- 
pends on  the  species  and  the  storage  method  to 

be  used.  Different  drying  methods  have  been 
used  for  each  of  the  three  major  types  of  stor- 

age listed  below: 

1.  Cotton-stoppered     containers     in     con- 
trolled humidity  chambers  at  0^  to  5°  C. 

2.  Air-tight    containers    in    a    freezer    at 
—20°  C.  or  lower. 

3.  Freeze-dried  or  vacuum-dried  pollen  in 
sealed  ampules. 

The  proper  amount  of  drying  can  sometimes 
be  roughly  determined  by  simple  methods.  Pine 
pollen,  for  example,  can  be  considered  dry 
enough  for  pollination  when  it  pours  smoothly 
like  water  and  when  pollen  grains  adhering  to 
the  walls  of  a  glass  container  can  be  dislodged 
by  jarring.  Such  pollen  had  a  moisture  content 
of  22  percent  or  less  (137). 

Determination  of  the  optimum  pollen  mois- 
ture content  for  storage  generally  requires 

more  precise  moisture  measurements.  One 
method  is  to  dry  a  1  to  2  gram  sample  for  1 
hour  in  an  oven  at  100°  C.  and  then  determine 
the  percentage  of  weight  lost  (137).  It  is  es- 

sential that  the  method  found  suitable  for  pollen 
be  followed.  For  example,  higher  temperatures 
result  in  volatile  substances  other  than  water 
being  lost.  Duplicate  determinations  with  pine 
pollen    have    checked    within    0.2    percent.    A 

"  Cram,  W.  H.  Correspondence,  June  26,  1968.  Canada 
Department  of  Agriculture,  Tree  Nursery,  PFRA,  In- 

dian Head,  Saskatchewan. 

method  which  does  not  destroy  the  subsequent 
usefulness  of  the  pollen  is  also  available.  The 
method  involves  drawing  off  the  water  vapor 
under  vacuum,  condensing  it  as  ice  and  subse- 

quently measuring  it  manometrically  (55). 

Controlled  Humidity  Chambers 

A  simple  storage  condition  for  pollen  is  in 
cotton-stoppered  containers  inside  of  a  con- 

trolled humidity  chamber  at  0°  to  5°  C.  Such 
conditions  are  frequently  used  for  short-term 
storage  within  a  pollination  season. 

Moisture  content  should  first  be  reduced  to  a 
safe  level.  For  many  species,  the  amount  of  dry- 

ing that  takes  place  during  extraction  may  be 
adequate.  Supplementary  drying,  when  needed, 
may  be  accomplished  in  a  desiccator  over  silica 
gel  for  an  hour  or  more,  depending  on  the  spe- 

cies. Drying  time  must  be  determined  empiri- 
cally since  too  much  drying  may  kill  the  pollen. 

Drying  may  be  hastened  by  placing  pollen  in 
a  vacuum  desiccator.  Pine  pollen,  for  example, 
has  been  dried  to  a  moisture  content  between 
10  and  14  percent  after  15  minutes  over  silica 
gel  at  a  pressure  equivalent  to  5  mm  of  mercury 
(137).  For  small  quantities  of  male  strobili  or 
anthers,  extraction  as  well  as  drying  can  be 
done  in  a  vacuum  desiccator.  Desiccator  drying 
is  facilitated  by  dividing  a  pollen  lot  among 
several  small  containers  such  as  2-ounce  pill 
bottles  filled  no  more  than  halfway.  These  con- 

tainers also  aid  in  maintaining  an  equilibrium 
moisture  content  in  storage. 

Humidities  used  for  various  species  of  pollen 
range  from  1  to  60  percent  (tables  3,  4).  For 
short-term  storage  of  many  species  and  long- 
term  storage  of  some,  a  household-type  refrig- 

erator that  does  not  defrost  automatically  has 
been  used.  This  type  of  refrigerator  maintains 
a  relative  humidity  of  about  40  percent  and  a 

temperature  of  0°  to  ,5°  C.  It  should  not  be 
opened  frequently  or  used  for  scions  or  other 
wet  materials.  Periodic  checks  should  be  made 
for  mold  or  caking,  which  indicates  the  pollen 
is  too  wet.  Pine  pollen  stored  under  these  condi- 

tions has  had  some  seed  setting  ability  after  1 

year. More  precise  control  of  humidity  at  0°  to  5°  C. 
can  be  attained  in  laboratory  desiccators  over 
dry  desiccants  or  saturated  salt  solutions.  This 
type  of  control  also  minimizes  loss  in  case  the 
refrigerator  fails  or  is  misused. 

Pollens  of  (riiikqo  and  Prmrus  domestica  had 
good  viability  after  being  stored  at  relative 
humidities  of  less  than  1  percent  (66,  151). 
Humidities  in  this  range  can  be  obtained  over 
granular  calcium  chloride  or  calcium  sulfate 
which  usually  are  supplied  with  a  telltale  indi- 

cator that  changes  color  when  too  much  mois- 
ture is  absorbed. 

79 



IV.     POLLEN  HANDLING 

Higher  relative  humidities  in  the  range  of  6 
to  85  percent  can  be  maintained  over  saturated 
salt  solutions.  For  example,  viability  in  pollens 
of  Juglans  sieboldiana  and  Quercus  rohur  have 
been  maintained  at  a  humidity  as  high  as  60  per- 

cent {22,  115).  Longevity  of  pollen  requiring 
high  humidity  is  generally  less  than  for  pollen 
that  can  be  stored  at  a  lower  humidity  (55).  A 
concentration  series  of  glycerol  or  of  sulfuric 
acid  is  suitable  for  experimental  work  {2,  137, 
lUk),  but  saturated  salt  solutions  are  more  satis- 

factory in  practice  (161). 
A  range  of  relative  humidities  can  be  at- 

tained with  saturated  solutions  of  salts  as  fol- 
lows (161): 

Salt  Relative  humidity 

at  2" -5°  C. 
(percent) 

LiCl-H=0    14 
K.CcHsOa.    24 

MgCL-eHsO...-    35 
CaCl.-SHoO    40 
K=C03-2H20    47 
Mg(N03)=-6H20....  60 
Na=Cr.O,-H.O    60 
NaCl    75 
(NHO2SO4    83 

Two  more  salts  can  be  used  to  extend  the  low 
end  of  the  range  but  exact  humidities  are  known 

only  at  20°  C. 
Salt  Relative  humidity 

at  20°  C. 
(percent) 

NaOH      6 
ZnCMy2  HoO..  10 

In  preparing  these  solutions,  add  just  enough 
of  the  salt  for  saturation  while  boiling.  Cool 
the  solution  somewhat  and  add  a  small  amount 
of  the  salt.  After  the  solution  has  cooled  to 
room  temperature,  add  an  excess  of  the  salt. 
Set  the  solution  aside  and  allow  it  to  attain 
equilibrium.  One  week  is  sufficient  for  most 
salts,  but  allow  3  weeks  for  potassium  acetate. 
Hygroscopic  salts,  such  as  calcium  chloride, 
should  be  made  up  as  a  sludge  with  a  small  pro- 

portion of  solution  (161).  Each  salt  provides  a 
specific  relative  humidity  with  which  the  mois- 

ture content  of  the  pollen  will  eventually  come 
into  equilibrium.  The  solutions  should  have  as 
much  surface  area  as  possible  since  equilibrium 
will  be  attained  most  rapidly  when  the  surface 
area  of  the  solution  exceeds  that  of  the  pollen 
(108).  A  set  of  curves  at  different  temperatures 
showing  equilibrium  moisture  contents  would 
be  useful  (75).  Of  course,  when  the  equilibrium 
moisture  content  is  not  known,  it  can  be  initially 
approximated  and  then  determined  at  the  end 
of  the  storage  period. 

Storage  in  humidity  chambers  at  0°  to  5°  C. 
for  a  year  or  more  has  had  variable  effects  on 
viability.  Pollens  of  several  gymnosperms  ger- 

minated adequately  after  1  year  (table  3).  Oc- 
casionally, pollination  with  year-old  pollen  has 

Table  3. — Storage  conditions  for  gymnosperm 

pollen 
Storage 

conditions 

Genus 

Rela- 
tive hu- 

midity 

Dura- 

tion 

Compara- 
tive ger- mination 

after 
storage 

Data 

source 

Percent  Years 
Abies            14  1  Good 
Araucaria..^^            25  1  Poor 
Chamaecyparis.^          25  1  do 
Cedrus            10  2.5  Good 
Cryptomeria            25  1  Poor 

Ginkgo-^              (-)  2  Good 
Larix              14  1               do 

(')  3  do 
Picea            50  10               do 
Pinus    2.5            do 

14  15               do 

(*)  0.8           do 
(*)  2              do 

Pseudotsuga            25  1  Fair 

C)  3  Good Tsuga           50  1              do 

C)  5              do 

16  i 

16Jf 

16  Jf 
16  U 16A 

151 

16i 

55 

31 

103 

lU 

26 
15 

16  A 

55 
122 
55 

^  In  refrigerator  at  1°  to  5°  C.  unless  otherwise  speci- fied. 

"  Stored  over  calcium  chloride. 

^  Dried  and  sealed  under  vacuum;  stored  at  —20°  or 
at  -40°  C. 

*  Stored  in  air-tight  containers  at  —20°  C. 

resulted  in  seed  yields  almost  equal  to  those 
obtained  with  fresh  pollen  (70,  158).  Disap- 

pointments, however,  are  common.  Germination 
of  most  angiosperm  pollens  after  storage  in  a 
humidity  chamber  was  not  satisfactory  (table 
4).  Exceptions  were  pollens  of  Malus  pumila, 
Pyrus  communis,  Primus  avium,  and  P.  do- 
mestica  (66,  154).  After  one  year  in  storage, 
pollens  of  these  species  germinated  in  vitro 
almost  as  well  as  fresh  pollen. 

Deep  Freezers 
Deep  freeze  storage  has  been  effective  in  pre- 

serving viability  of  many  species  of  pollen  for 
periods  even  exceeding  1  year.  Household-type 
freezers  that  maintain  a  temperature  of  about 
—20°  C.  are  satisfactory.  Small,  tightly  capped 
vials  or  bottles  are  suitable  containers.  Pollen 
must  be  predried  to  a  moisture  content  that 
minimizes  damage  during  the  cooling  process. 
For  some  species  it  is  very  low  as  shown  in  the 
following  examples : 

Species  Optimum  moisture 
content 

(percent) Fagus  sp    7.5 
Larix  sp    5.5 
Pseudotsuga  menziesii..  5.0 
Thuja  plicata        3.5 

These  low  moisture  contents  were  obtained  by 
approximately  Vo  hour  of  vacuum  drying  and 
pollen  viability  remained  high  after  exposure 

80 



IV.     POLLEN  HANDLING 

to  —30°  C.  (55).  On  the  other  hand,  they  were 
almost  completely  destroyed  at  this  temperature 
when  moisture  content  was  10  to  14  percent. 
Pollens  of  several  Pinus  species  with  a  low  ini- 

tial moisture  content  have  been  stored  at 

—20°  C.  (15,  26.  30).  Seed  set  was  at  least  two- 
thirds  of  that  from  fresh  pollen  and  in  one  test 

(15)  it  was  unimpaired  after  1  year  and  only 
slightly  reduced  after  2  years.  Among  angio- 
sperm  pollens  that  have  been  stored  at  tempera- 

tures of  —15°  C.  or  lower,  are  species  of  Aescu- 
htfi,  Coryhis,  Diospyros,  Ei(calypti(f;,  Kalmia, 
Mains,  Populns,  Prunus,  Pyrus,  Rhododendron, 
Vaccinium,  and  Vitis  (table  4). 

Table  4. — Storage  conditions  for  angiosperm  pollen 

Storage  conditions Germi 

Before storage 

nation 
After 

storage 

Fruit 

set after storage Species Temp- erature 

Humidity 

and  other 

conditions ' 
Dura- 
tion 

Data 

source 

"C. 

Days Percent Percent 
Acer 

A.  pseudoplatanus   
18 

AT,  3-5%  H 

55 

..._ 19 

.... 
79 

A. spp   
20 

NAT,  air  dry 18 _... 

A9 

Aescuhis 
A  hippocastanum   

20 
NAT,  air  dry 17 

8U,  90, 112 17  to  20 <l-30%  H 
72 

. .... 
112 

19 AT,  3-5%  H 78 

1.3 
o-.. 

79 

A.  parviflora     19 AT,  3-5%  H 77 0.6 

.... 

79 

-78 

AT 
147 

.... 79 

Aleurites  fordii     5 NAT,  60%  H 24 ..- 32 
Alnus 

A.  glutivosa   15 AT,  3-5%  H 
50-116 .... 

0.1-1 
79,112 A.  hirsuta   

-8 

RA  in  desiccator 
650 

125 
Azalea  mollis   2 10%  H 

168 
35 9 

15i 

17  to  20 30%  H 
178 

112 
Betula 

B.  alleghaniensis   20 25%  H 30 40 3 — 56 

B.  ermani,  B.  maxi- 
mowicziana,  and 
B.  platyphylla   

-8 

RA  in  desiccator 
600 

.... 125 

B.  papyrifera   3  to  4 Over  CaSO, 
365 

Normal 
B.  pendula   0to20 AT 20-48 .... 

8^,153,159 5 
RA 

1080 53,55 
Camellia  japonica   20 NAT,  air  dry 60 

119 Caragana  arhorescens..- 4 NAT 15 
.... .... 

Cram'' 

Carpiniis  betulus   20 NAT,  air  dry 7 

8i 

Gary  a  illinoensis   5 Over  ice 4 70 

20 

.... 
163 

Ceanothus  foliosus   
18 

<l-27%  H 

35 

.... .... .... 

i9 

Cereus  flagelliformis 
and  C.  grandifiortis^^ 17  to  20 30%  H 

13-17 .... 

.... 112 

Cinchona  ledgeriana   10 35-50%  H 365 45 5 

111 

10 35-50%  H 365 
65 

10 

111 

Clematis  integrifolia   17  to  20 Over  H=SOi 
103 

.... 112 

Coliitea  arborescens   20 Air  dry 
12 

.... .... 

90 

Cornus 
C.  mas   17  to  20 30%  H 

74 

.... 

.... 112 

C.  calif ornica   18 27%  H 
30 .... .— 

.... 

h9 

Corylus 
C.  americana   0 30-40%  H 240 .... 

.... 
22 

C.  avellana   20 AT,  3-5%  H 20-65 

80 

.... 
79, 112 13  to  15 AT,  3-5%  H 

120 35 .... 

79 
C.  cornuta  var. 

calif  ornica   18 

-18 

<l-27%^  H 
AT,  74-92%  H 

40  + 

360 
.... 

.... 

— - 
Jt9 

C.  spp   
168 

Cydonia   3  to  4 25%  H 
550 50-60 

46 

.... 

66 

Daphne  mezeveum,   17  to  20 
20 

30%  H 
NAT,  air  dry 

76 
13 112 Dendromecoyi  rigida   

49 

Diospyros  kaki   0tol5 

-80 

50-70%  H 14 
365 .... 

40 
156 157 

Eucalyptus 
E.  grandis   4 AT 

565 
36 

36 

E.  maculosa,  E.  um- 
bellata,  and  E. 

viminal's   

-16 

AT 
210 

.... 
36 

.... 9 

Fagus  sylvatica..^     20 3  to  4 
NAT,  air  dry 
AT 41 

365 
.... 

.... 

8i 

97 

Ficus  carica   20 AT  with  N= 365 

.... .... 
Fair 

6h 
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Table  4. — Storage  conditions  for  angiosperm  pollen — Continued 

Storage  conditions 

Species Temp- erature 

Humidity 

and  other 

conditions  ^ 
Dura- 
tion 

Germination         Fruit 

Before       After         !^^ storage     storage  ̂ ^^^^^^ 
Data 
source 

Fraxinus 
F.  americana  and 

F.  penyisylvanica.... 
F.  (12spp.)    20 

Garrya  elliptica    20 
Hypericum  sp    20 
Ilex  aqidfolium    3  to  4 
Juglans 

J.  nigra  and  J.  regia...  3  to  4 
J.  sieboldiana    0 

Kalmia  sp    —15 
Laburnum  anagyroides.  20 

17  to  20 
Liriodendron  tulipifera.  5 
Malus  pumila    2  to  8 

2  to  8 
2  to  4 

-18 

-37  to  -17 

-20 

-190 

Mimosa  spegazzina    17  to  20 
Osmaronia  cerasi- 

formis    18 
Parthenocissus  quin- 

quefolia    17  to  20 
Philadelphus  flori- 

bundus        20 
Pistacia 

P.  atlantica    0 
P.  (5spp.)    -1 

-1 

Paltanus  occidentalis    3  to  4 
Poncirus  trifoliata   _.  4 
Populus 

P.  canescens    14 
P.  deltoides,  P. 

grand.ideyitata, 

Days       Percent    Percent 

AT 
300 S 

Over  CaCU 60 
100 Over  CaCU 5 

i9 

NAT,  air  dry 

28 

.... 

— , 

i9 

NAT 30-f -- -- .... 120 

Over  ice 15 126,127 
40-60%  H 240 22 
Over  silica  gel 

365 
Normal 

Jaynes ' 

NAT,  air  dry 

40 

.... 
90,112 

30 %>  H 261 112 

40%  H 
365 

89 

7.0 

160 

50%  H 730 

70 

20 Poor H 
50%  H 

1461 
80 20 

Normal 
93 

10%-  H,  RA 678 

76 

70 

15  A 

NAT 
1130 

Poor 
Jf2 

5%  H 3287 3 
Normal 

152 

RA,  AT 673 76 

63 

Normal 

154 

RA,  AT 
678 

76 68 
Fair 

154 

Over  H=S04 

42 

-— 
112 

<1%  H 

110 
.... .... 

-— 

49 

30%  H 28 -_.. — ___. 
112 

NAT,  air  dry 32 .... .... — 119 
25% 

550 30 66 
10.5-21.5%  H 

365 
55 5 

Fair 145 10.5-21.5%  H 
730 

95 55 
Normal 

145 
NAT 30-90 50-15 ..-. 

Beland  * 

Over  CaClc 

36 
.... .... 

Fair 
139 

3-5%  H 

58 

0.2 79 

and  P.  tre7nuloides.. lto4 Over  CaCl: 30 Einspahr 

-18 

NAT 865 

— „ 

.... 
Fair 

Einspahr 
P.  laurifolia     

-3  to  3 

NAT 15 .... 10 
P.  suaveolens     

-3  to  3 

NAT 45 12 .... 10 
P.  tremula   

15 
3-5%  H 

91 

0.1 

-.- 
79 

-183 

AT 60 
Normal 

79 

runus 
P.  amygdalus   

-18 

NAT 
1180 ____ 

42 

P.  armeniaca   2  to  8 507^  H 780 60 20 

93 

2  to  8 50%  H 730 

80 30 

..„ 

93 
Oto2 25%  H 

550 

49 

26 

66 

-18 

NAT 1180 .... 

42 

P.  avium     2  to  8 50%  H 1460 

60 

20 .... 

93,94 

0to2 25%  H 550 57 

55 

.... 66 

-18 

NAT 1180 53 37 Normal 

42 

P.  besseyi     20 Over  H.SO, 60 

98 

32 85 
20 Over  H.SO, 90 98 6 .... 85 

P.  brigantina....     

-18 

NAT 1130 
.___ 

42 

P.  cerasifera     

-18 

NAT 
1130 

42 

P.  cerasus   2to8 50%  H 
1460 

60 

20 .... 93 
P.  domestica...     2 

<1%  H 
550 70 53 

66 

2  to  8 50%  H 
1277 

40 20 

-.. 

93 
0to7 25%  H 

550 
44 .... 

66 

-18 

NAT 1180 69 60 Normal 

42 

P.  padus..-.       -. 17  to  20 <l-30%  H 181 112 
P.  persica   2  to  8 50%  H 

1277 75 3 

93 

0 50%  H 550 85 

42 
.... 

66 

-18 

NAT 900 62 
Normal 

42 

-23 

NAT 
1180 

62 

134 

20 Over  CaCU 60 132 
P.  salicina   _     

-18 

NAT 1130 

40 

35 Normal 

42 
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Table  4. — Storage  conditions  for  angiosperm  pollen — Continued 

Storage  conditions 

Species Temp- erature 

Humidity 

and  other 

conditions ' 
Dura- 
tion 

Germination  Fruit 

Before       After       jg storage     storage  ^^^^^^^ 

Data 

source 

P.  seroiina   
P.  spinosa   

Pyrus 
P.  communis   

P.  phaeocarpa   
Quercus 

Q.  alba  ._     
Q.  coccinea   
Q.  robur.--   _..   

Q.  suber     
Q.  variabilis   

Rhododendron  cataw- 
biense     

Ribes 
R.  nigrum   
R.  sanguineum   

Robinia  pseiidoacacia.. 

Rosa  damascena   

Rubiis  parviflorus   
Salix 

S.  alba     _.. 
S.  amygdalina   
iS.  babylonica   
S.  bakko   

jS.  caprea   

S.  fragilis   

S.  gracilistyla   
iS.  repens   

■S.  viminalis   
Sambucus 

S.  coerulea   
S.  nigra   

Solanum  dulcamara.. 
Tilia 

T.  americana   

T.  cordata...     
T.  platyphyllos   

Ulmus 
U.  carpinifolia   
U.  carpinifolia,  U. 

glabra,  and  U. 
laevis   

Vacciniimi  ayigusti- 
folium   

°c. 

13  to  +4 Over  CaCL 
17  to  20 Over  H=S04 

2  to  8 50%  H 
2  to  8 50%  H 
2to4 10%  H 

0 25%  H 

-20 

RA  +  AT 
7  to  -17 5%  H 

-190 

RA  +  AT 
0 25%  H 

2 23.5%  H 
2 15-35%  H 
0 60%  H 18 

3-5%  H 

20 NAT 
3  to  5 Over  CaClo 

2  to  4 AT 

-20 

AT 
-190 

AT 

16 3-5%  H 

19 3-5%  H 

20 NAT,  air  dry 
4-5 Over  H^SO,  or 

CaCl= 
20 NAT 
20 Desiccator 
18 <l-27%  H 

17  to  20 Over  HcS04 
10 Desiccator 
20 NAT 
20 NAT 
20 AT 
20 RA 

3  to  5 AT 
3  to  5 RA 

-8 

AT 

-8 

RA 16 3-5%-  H 
17  to  20 Over  HzSO., 

14 3-5%  H 

-78 

AT 

10 
Desiccator 

14 3-5%  H 

10 3-5%  H 

-78 

AT -3  to  3 
NAT 

18 
<l-27%  H 

9 NAT 
17  to  20 30%)  H 

21 3-5%  H 
13  to  15 3-5%  H 

13  to  15 3-5%  H 

21 
3-5%  H 

17  to  20 Over  HdSO. 

17  to  20 Over  H=SO. 

20 Mixed  with 
sucrose -20 

Over  CaCL 

-20 

Over  CaClc 

Days 
365 

154 

730 
1277 

662 550 
1032 
3287 
662 
550 

295 
365 
66 47 

8 
30 

252 

662 
662 

87 143 

30 20 

15 
44-55 

74 

57 
73 7-13 

20 
41 
82 

71 
286 

103 
358 

54 
70 44-52 

213 105 

70 

167 
213 

50 

94 7-8 

41 

86 
20 

90 
82 
16 17 

18 

Percent    Percent 

66 

64 

64 
61 34 

30 

30 
30 

20 
5 

42 

80 
50 
1 

50 
46 20 
43 
40 

5 
55 

80 2 
25 
25 

18 0.2 

40 

5.4 
26 

60 0.2 

5 
45 
1 
1 

Poor 

Normal 

Poor 

Forbes " 

112 
93 ISA 

66 
ISi. 
152 

15i 

66 

78 

56 

115 

79 

117 

38 

15  i 

154- 

15  A 

79 
49,79 
90 

IW 

HO 

U9 

112 

101 118 

12A 

12U 
12U 12U 
12U 
12U 
12U 

79 

112 

79,112 

79 

101 

79 
79 
79 

10 

49 

159 
112 

79 

79 
79 
79 112 
112 

60 

120 35 
35 

31 
15 

iO 

162 162 
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Table  4. — Storage  conditions  for  migiosperm  pollefi — Continued 

Storage  conditions Germination 

Before       After 
storage     storage 

Fruit 
set 

after storage Species Temp- erature 

Humidity 
and  otlier 

conditions ' 
Dura- 
tion 

Data 
source 

°C. 

Days Percent Percent 

Virbumum  opultis   _ 17  to  20 Over  H=SO, 164 
112 

Vinca 
V.  major     20 NAT,  air  dry 

43 

119 V.  minor     20 NAT,  air  dry 55 

8i 

Viscum  album     17  to  20 30%  H 
89 

112 
Vitis 

V.  cinerea,  V.  ripa- 
ria,  V.  rupestris, 
and  V.  vinifera   1 45%  H 365 ._.. .... Poor 39 

V.  vinifera   20 Over  CaCls 10-30 

.— 

___. 
150 

2  to  8 50%  H 
730 

Poor 

9^ 

10 25%  H 365 43 id Normal 

107 

2 25%  H 
730 

43 7 Normal 

107 

0to5 0-38%  H 250 
92 4.B NAT 210 20 
ISS 

0 NAT 
300 

20 
133 

-12 

28%  H 1461 

43 12 

Normal 

107 -23 

NAT 480 -- 20 133 

'  Abbreviations : 
AT     =  air-tight  containers  and  normal  air  pressure. 
NAT  =  non-air-tight  containers. 
H        =:  relative  humidity  in  desiccators. 
RA     =  reduced  air  pressure. 

"  Cram,  W.  H.  Correspondence,  June  26,  1968.  Canada  Department  of  Agriculture,  Tree  Nursery,  PFRA,  Indian 
Head,  Saskatchewan. 

'  Jaynes,  R.  A.  Correspondence,  June  27,  1968.  Connecticut  Agricultural  Experiment  Station,  New  Haven. 
*  Beland,  J.  W.  Observation  recorded  1968.  USDA  Forest  Service,  Southern  Forest  Exp.  Sta.,  Gulfport,  Missis- 

sippi. 

■^  Einspahr,  D.  W.  Correspondence,  March  29,  1968.  Institute  of  Paper  Chemistry,  Appleton,  Wisconsin. 
"  Forbes,  D.  C.  Correspondence,  May  14,  1968.  TVA,  Norris,  Tennessee. 

Storage  of  Vacuum-Dried  or 
Freeze-Dried  Pollen  in  Sealed  Ampules 
Storage  in  sealed  ampules  at  ambient  room 

temperature  has  been  tested  on  an  experi- 
mental scale  {19,  U,  53,  eu,  65,  83,  160).  One 

objective  of  these  tests  was  the  development  of 
a  procedure  for  maintaining  viability  of  pollen 
during  shipment  when  control  of  temperature 
and  humidity  may  not  be  feasible.  Gtood  results 
have  been  obtained  on  several  species  using 
laboratory  freeze  driers  to  prepare  the  pollen 
{65,  160).  With  this  equipment,  pollen  with  no 
prefreezing  was  dried  in  ampules  under  very 
low  pressures  equivalent  to  0.05  to  0.25  mm  of 
mercury  and  the  ampules  were  sealed  at  these 
pressures.  An  alternate  procedure  involved  fill- 

ing the  evacuated  ampules  with  dry  nitrogen 
gas  and  sealing  them  at  ambient  atmospheric 
pressure. 

Pollen  must  be  predried  to  a  moisture  content 
that  minimizes  damage  during  the  subsequent 
pressure  reduction.  For  vacuum  drying  of  Pseu- 
dotsuga  menziesii  pollen,  an  initial  moisture 
content  of  6  to  8  percent  was  better  than  16 
percent  {83). 

Prechilling  the  pollen  at  -30°  C.  to  -78°  C. followed  by  vacuum  drying  {64,  65,  83)  has  been 
used  with  variable  results.  For  this  phase,  mois- 

ture content  must  be  reduced  as  described  for 
deep  freeze  storage. 

After  preliminary  drying  and  possibly  chill- 
ing has  been  accomplished,  a  suitable  vacuum 

drying  time  must  be  determined.  The  drying 
times  in  table  5  are  near  optimum  for  the  spe- 

cies and  other  conditions  listed.  Longer  drying 
times  have  been  detrimental  {83,  160).  After 
rehydration  of  the  pollen,  germination  was  sat- 

isfactory for  the  species  listed.  Although  pollen 
shipment  in  evacuated  ampules  may  be  feasible 
for  some  species,  the  mediocre  results  obtained 
on  other  species  and  the  high  preparation  costs 
do  not  justify  use  of  this  method  for  general 
pollen  storage. 

SHIPMENT 

Dry  pollen  is  easier  to  ship  than  seeds  or 
other  plant  materials  because  of  its  small  bulk 
and  the  absence  of  quarantine  restrictions. 
Pollen  of  wind-pollinated  species,  when  dried  to 
a  moisture  content  suitable  for  storage,  may  be 
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shipped  via  air  mail  without  a  drastic  reduc- 
tion in  viability.  For  example,  dried  pollen  of 

Pimis  caribaea  was  shipped  from  Central 
America  to  Mississippi  in  a  sealed  plastic  bag 
and  produced  some  seed  set  when  used  to  polli- 

nate Pmics  elliottii.  Sealed  ampules  of  a  few 
species  of  vacuum-dried  pollen  have  been 
shipped  around  the  world  (65). 

Some  pollens  can  be  shipped  while  they  are 
still  in  the  unopened  flowers  which  subsequently 
are  used  as  pollination  brushes.  Genera  for 
which  this  procedure  is  recommended  are  listed 
in  the  section  on  extraction.  Pollen  that  requires 
high  humidity  to  maintain  viability,  such  as 
that  of  Quercus  suber,  can  be  transported  with 
special  handling  over  ice  in  a  thermos  bottle 
{117). 

VIABILITY  TESTS 

Fresh  pollen  developing  in  a  normal  season 
will  germinate  strongly.  Such  is  not  the  case 
with  stored  pollen.  Normal  processing  and  ag- 

ing, plus  known  and  unknown  accidents  over 
the  course  of  time,  render  its  viability  unpre- 

dictable .For  these  reasons  viability  tests  of 
stored  pollen  should  be  made  in  vitro.  Such  tests 
can  be  made  easily  and  quickly,  and  they  provide 
insurance  against  the  loss  that  would  occur  if 
pollinations  were  made  with  dead  pollen.  A 
number  of  life  processes  in  pollen  have  been 
considered  for  use  in  assessing  viability  (54). 
The  more  useful  of  these  are  vital  staining  and 
germination  in  vitro. 

Several  vital  stains  have  been  used  to  esti- 
mate viability,  but  they  are  unreliable  for  many 

species  and  for  old  or  poorly  germinating  pollen, 
Tetrazolium,  for  example,  has  been  found  satis- 

factory for  plum  (102)  and  pine  pollen  (21),  but 
it  tends  to  overestimate  the  viability  of  apple, 
grape,  peach,  and  pear  pollen  (105),  and  poplar 

pollen  (Einspahr  ■').  Other  stains  that  have 
been  tried  include  acetocarmine,  fluorochromic 

dyes  (45),  a  peroxidase  detector  (63,  S6),  po- 
tassium iodide  (59),  and  a  stain  mixture  (1, 

110).  Viable  pollen  grains  of  Larix  and  Betida 
have  been  distinguished  by  staining  with  a  mix- 

ture of  methyl  green  and  phloxin  (164).  For 
most  species,  however,  stains  have  not  been 
satisfactory  as  indicators  of  pollen  viability. 

A  more  generally  used  test  is  germination  of 
pollen  grains  in  vitro.  Such  tests  may  give  only 
a  rough  indication  of  subsequent  seed-setting 
ability.  If  no  germination  occurs  the  pollen  is 
probably  dead  but  pollen  having  low  germina- 

tion in  vitro  may  still  have  potential  for  fertili- 
zation (58).  A  possible  reason  is  that  germina- 

tion in  vivo  is  enhanced  by  natural  secretions 
not  duplicated  in  artificial  media  (58.  143).  Oc- 

casionally pollen  which  does  not  germinate  in 
vitro  will  produce  satisfactory  seed  set.   Con- 

versely, samples  of  pine  pollen  stored  for  15 
years  germinated  in  vitro  but  produced  no  sound 
seeds  (141,144). 

Very  dry  pollen  must  be  rehydrated  before 
germination  can  occur.  Rehydration  can  be  done 

in  a  humidity  chamber  at  0°  to  5°  C.  At  this 
temperature,  pollens  of  several  gymnosperms 
have  been  rehydrated  in  2  hours  at  50  percent 
humidity  (55).  Dry  pollen  of  Pimcs  was  re- 

hydrated at  5°  C.  in  90  percent  humidity  for  24 
hours  (51a).  For  angiosperms  humidities  of  50 
to  90  percent  for  24  hours  have  been  used 

(table  5).  After  the  cold  period  at  0°  to  5°  C, 
the  humidity  chamber  should  be  equilibrated 
at  room  temperature  for  30  minutes  or  more 
before  the  pollen  is  removed  (104). 

A  simple  germination  test,  satisfactory  for 
pine  pollen,  is  to  incubate  grains  suspended  in 
distilled  water  and  estimate  the  proportion  of 
germinated  grains  by  holding  the  vial  to  light 
and  examining  it  with  a  hand  lens  (24).  Germi- 

nation for  many  gymnosperms  was  hastened  in 
a  solution  of  0.01-0.015  percent  hydrogen  per- oxide (164). 

With  a  little  more  work,  a  nutrient  medium 
can  be  prepared  in  which  pollen  tube  develop- 

ment is  faster  and  greater  (58).  Media  gener- 
ally contain  sucrose  and  sometimes  other  addi- 

tives either  in  a  water  solution  or  in  an  agar 
gel.  The  semisolid  nature  of  the  agar  medium 
greatly  facilitates  the  handling  of  pollen  cul- 

tures and  the  counting  of  germinated  pollen 
grains  (137).  The  most  commonly  used  agar 
concentrations  are  between  0.5  and  1.0  percent 
(tables  6  and  7).  A  0.75  percent  concentration 

is  excellent  for  incubation  at  28°-30^  C.  Usually 
the  media  should  be  sterilized  before  storage  or 
use. 

Sucrose  supplies  a  source  of  energy  for  pollen 
tube  growth  (58).  A  concentration  in  the  me- 

dium between  7  and  15  percent,  with  10  percent 
common,  is  optimum  for  pollens  of  most  tree 
and  shrub  species  (143).  but  the  optimum  may 
increase  with  age  of  the  pollen.  The  optimum 
concentration  of  sugar  for  germinating  pollen 
of  Pinus  and  Picea  increased  from  3  percent 
for  freshly  collected  pollen  to  20  percent  for 
pollen  that  had  been  stored  for  R  months  (58, 
73).  Even  higher  concentrations,  up  to  50  per- 

cent, especially  in  liquid  media,  have  been  used 
for  some  species  (tables  6  and  7). 

Boron  in  trace  amounts  acts  as  a  catalyst  for 
germination  and  pollen  tube  growth.  The 
amount  of  boron  in  pollen  may  be  influenced 
by  the  availability  of  boron  to  the  pollen  (58). 
For  pollen  containing  suboptimum  levels  of 
boron,  germination  and  tube  development  can 
be  stimulated  by  including  boric  acid  as  a  source 
of  boron  in  germination  media.  Supplementary 
boron  is  needed  more  often  for  pollens  of  hard- 

woods than  of  conifers. 
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Table  5. — Effect  of  vacuum  drying  and  vacuum  storage  ow  viability  of  pollen 
Vacuum  drying  Storage 

Pressure  time  in          Pollen  rehydration  Germination
 

y-,                     in  sealed  am-  .„,  Data 

Species                       t    n"        ampules  pules  at         Relative        Dura-  Before  ^V^^^         source 
'^               when  room  tern-      humidity         tion  drying  a^\^' 

  sealed  perature   aratin^   
Hours     Mm  of  Hg.  Months          Percent        Hours  Percent  Percent 

Betula  pendula          2.0              0.015  29                  50                  0.25 
'75                     .50  63  22             53 

Carya  illinoensis.^          1.0                 .05  38                   70                 48  7  30             65 
Ficus  carica              .         =760  12                      .                 — -  -.-  (')             64 
Liquidambar  styraciflua          4.0                 .25  6                   904-             24  56  49             65 

0.5                 .05  12                   75                 24  C)  Wilcox 
Liriodendron  tulipifera             .5                 .05  12                   75                 24  83  20             160 
Magnolia  sp          4.0                 .25  4                   90+6  57  65 
Malus  pumila           . .,         -  760  19                   -  -                    -  36  6             6i 
Prunus  avium            .5                 .05  27                   70                 24  10  28             65 
P.persica                .5                 .05  21                   50               336  ...  47             65 
P.salicina          1.0         =760  39                   50                 24  56  32             65 
Pyrus  communis          2.0                 .05  17                   70                 24  49  37             65 
Quercus  alba            .2                ....  10                   ....                 ...  '^  27  °  13             78 
Vacci7iium  corymbosum..         1.0                 .05  6                   70                 24  .-.  60             65 

'  Second  stage  of  rehydration. 
"  Sample  dried  at  0.05  mm  of  Hg.  and  ampule  filled  with  dry  nitrogen  gas  before  sealing. 
'  Normal  fruit  set  after  rehydration. 
'Wilcox,  J.  R.,  correspondence  March  28,  1968.  Purdue  University,  Dept.  Agronomy,  Lafayette,  Indiana. 
^  Fruit  set  as  percent  of  flowers  pollinated. 

Media  containing  0.001  to  0.015  percent  boric 
acid  are  satisfactory  for  many  species  of  pollen 
(tables  6  and  7).  Concentrations  above  0.015 
percent  are  usually  inhibitory  or  toxic  {58). 
For  pollens  of  Thuja  orientalis,  Juniperus  com,- 
■ymuiis,  Larix  europaea,  Ginkgo  biloba,  and 
Pinus  montana,  boron  had  very  little  effect  on 
germination,  but  greatly  increased  pollen  tube 

Table  6. — Pollen  germination  metJiods  for 
gymnosperms 

Sugar         Agar  Incu-  j.   . 
Genus               concen-      concen-  bation  i^ata 

              tration       tration  time  source 
Percent     Percent  Hours 

Abies      10-15             0.50                   24  130 
Ephedra            50             0.50                   24  130 
Gingko              2             0.80  151 
Juniperus^              0             0.00  24-46  91 
Larix             10              0.00  24-46  86 

15             0.50                   24  130 
Picea            10             0.75  54-72  56 

5-10              0.50                    24  130 
15              0.00  54-72  31 

Pinus              0             0.00  48-72  24 
10             Q.OO  48-72  27 
10             0.75  48-72  137 
10             0.50                   24  130 

Pseudotsuga...          10             1.00  24-46  18 
10             0.50                   24  130 

Thuja-                2             0.00  24-46  91 
Ts^iga              10             0.00  24-46  122 
  15   0^50   24  130 

'  Boric  acid  concentration  in  the  medium  was  0.01  per- cent (91). 

'  Boric  acid  concentration  in  the  medium  was  0.1  per- cent (91). 

growth  (91).  Germination  of  Castanea,  Populus, 
and  Sali.v  pollens  were  not  affected  by  boric  acid 
(concentration  not  reported),  and  germ.ination 
of  Aescidus  pollen  was  inhibited  (79). 

Additives  other  than  boron  and  sucrose  gen- 
erally are  not  included  in  media  for  routine 

germination  tests.  Slightly  improved  germina- 
tion of  several  pollens,  however,  has  been  ob- 

tained with  additives  such  as  calcium  ions, 
citric  acid,  and  chelated  iron  (29a,  h7 ,  69,  74, 
104,130). 

Pollens  have  germinated  over  a  wide  range  of 
hydrogen  ion  concentrations.  Those  of  six  Pinus 
species  germinated  equally  well  throughout  the 
range  from  pH  4.5  to  pH  6.5  (51a,  103).  For 
angiosperms,  the  reported  hydrogen  ion  con- 

centrations in  germination  media  without  added 
cations  are  within  the  range  of  pH  4.2  to  pH  6.6 
(table  7),  and  were  satisfactory  without  ad- 

justment. For  research  purposes,  pH  may  be 
adjusted  with  a  solution  of  citric  acid  (51a). 

A  germination  test  convenient  for  pine  pollen 
consists  of  the  following  steps  (137)  : 

1.  Place  two  drops  of  a  melted  agar  me- 
dium on  a  microscope  slide  and  allow 

them  to  cool. 
2.  Lightly  dust  the  agar  with  pollen  grains 

from  a  loop  of  wire. 
3.  Place  the  slide  in  a  moist  chamber  con- 

taining saturated  air  at  28°  to  30°  C. 
and  incubate  the  pollen  until  it  germi- 
nate.s — usually  24  to  72  hours. 

4.  At  the  end  of  the  incubation  period, 
place  the  slide  under  a  microscope  at 
low  magnification  and  make  the  germi- 
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nation  counts  on  50  grains  on  each  of 
two  slides.  A  pollen  grain  can  be  counted 
as  germinated  when  its  tube  length 
equals  or  exceeds  the  shortest  dimen- 

sion of  the  grain. 

Pollens  of  some  hardwoods  are  germinated  in 

comparfcmented  petri  dishes  (Beland  ̂ ")-  A  drop 
of  medium  is  placed  in  each  compartment  and 
dusted  with  pollen.  The  compartmented  half  of 
the  dish  then  is  inverted  over  the  other  half  to 
make  a  moist  chamber. 

Pollen  tube  growth  of  many  species  is  stim- 
ulated when  the  grains  are  seeded  close  together 

on  the  medium.  Pollen  density,  however,  must 
be  low  enough  to  facilitate  examination  of  in- 

"  Beland,  J.  W.  Data  filed  1968.  USDA  Forest  Service, 
Southern  Forest  Exp.  Sta.,  Gulfport,  Mississippi. 

dividual  grains.  Pollen  frequently  has  been  in- 
cubated at  room  temperature  (approximately 

20°  C),  but  25°  C.  is  superior  for  most  species. 
A  temperature  of  30°  C.  was  used  for  pollens  of 
36  species  of  angiosperm  (table  7)  and  for  fresh 
pollen  of  Pinus  (87,  US).  Incubation  times  vary 
among  species  from  6  to  72  hours  (tables  6  and 
7).  Longer  times  may  be  required  for  stored 
pollen  and  very  dry  pollen. 

In  some  gymnosperms  such  as  Larix  and 
PseudotsKga,  pollen  tubes  do  not  develop  in 
vitro  and  germination  counts  are  much  more 
difficult.  After  a  2-day  incubation  period,  pollen 
grains  of  Larix  sibirica  were  stained  to  make 
the  cell  walls  and  nuclei  visible  under  high  mag- 

nification. Viable  grains  were  distinguished  by 
the  division  of  the  generative  cell  into  the  stalk 
cell  and  the  body  cell  (48).  Similar  criteria  were 
used  for  Pseudotsuga  menziesii  (20,  47). 

Table  7. — Pollen  germination  methods  for  angiosperms 

Composition  of  grermination  medium 

Species 
Agar  Sucrose 

concen-         concen- 
tration        tration 

Other  components 
and  concentrations 

Incubation 

Tem- 

Time        pera- ture 

Data 

source 

Percent        Percent 
Acer 

A.  campestre   
A.  negundo  and  A. 

Tplatanoides   
A.  palmatuvi   
A.  platanoides   
A.  pseudoplatamis     _____ 

A.  pseudosieboldianum. 
A.  riibrum   
A.  saccharum     
A.  tataricum     
A.  tegmentosum   

Aesculus 
A.  glabra   
A.  hippocastanuni   

A. octandra   
A.  parviflora   

A  leurites  fordii...     
Alnus 

A.  fruticosa     
A.  glutinosa   

A.  hirsuta   
A.  incana   

Avielanchier  ovalis   
Amorpha  fruticosa.     
Aralia 

A.  elata     __ 
A.  mandshurica   

Aronia  arbutifolia   
Azalea  mollis   

Berberis 
B.  aggregata,  B. 

brachypoda,  B.  buxi- 
folia__       

B.  aquifolium   

B.  vulgaris   

0.5 

0.5-1 0 
0 
0 0.5 

0 
0.5 

2 

0.5-1 0 

0 
0 

0.5-1 0 
0 
1 

0.5 
0 
1 
0 
0 
0.5 
0.5 

-1 

0 
0 
0 
0 
1 

0.5- 

0 
0 

0.50 
0.50 

10 

10-15 10 

2-16 

20 15 

10 
10 
15 

10-20 
10 

2-16 
10 

10-20 
15 
10 10 

20 
10-30 
10-20 

15 

10-30 
15 
10 

10-20 
10 

2-16 
2-16 

10 
5-10 

2-16 

10-25 
10 15 

citric  acid,  0.01%. 
boric  acid,  0.001%. 

Hours  °  C. 

24  17-23 

24  20 

20  22-24 24-48  30 
boric  acid,  0.001%. 

boric  acid,  CaCOa 
citric  acid,  0.01%. 

24  17-23 

24  17-23 

24  20 

citric  acid,  0.01% 
H*  at  pH  4.2   

24-48  30 

""'24     '       20 

H*  at  pH  6.4. 

boric  acid,  0.001%. 
citric  acid,  0.01%  — 
H*  at  pH  5.7   

24 24 

24 

17-23 

20 
20 

citric  acid,  0.01%. 

24 
24 
24 

17-23 
17-23 

20 

boric  acid,  0.001% 

H*  at  pH  4.5. 

24-48  30 
24-48  30 

24  18-23 
24  17-20 

24-48  30 
24-48  30 

24  17-23 
24  17-23 

130 

69,  130 

91 

95 
79 
130 
60 

130 

37 

69, 130 

60 95 

79 
69,  112,  ISO 
8 

79 

32 

130 79,  113,  121 
69,  112,130 125 
113, 121 
130 

130 
69,  130 
60 

95 
95 

15i 

112 

95 

8,  95,  15J, 130 
130 
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Table  7. — Pollen  ge^^mination  methods  for  arigiosperms — Continued 

Composition  of  germination  medium 
Incubation 

Species 
Agar 

concen- tration 

Sucrose 

concen- tration 

Other  components 
and  concentrations 

Time 

Tem- 

pera- 

ture 

Data 
source 

Percent        Percent Hours 

"C. 

Betula 
B.  alleghaniensis   ....  0.75 
B.  ermani    0 
B.  glandulosa        0.50 
B.  kirghisorum    0 
B.  maxhnowicziana    0 
B.  nana    0 
B.  papyrifera        0 

0.50-1 B.  pendula    0 

0.5-1 B.  platyphylla    0 
1 

B.  pubescens     _  0 
0.5 

B.  subcordata    0 

Bignonia  tnagnifica    0 

Buxus  sempervirens...    0.5 
Caragana 

C.  arborescens          _  0 

0.5-2 C.  spinosa    0 
Carpinus  betulus    0 0.5 

Carya 
C.  illmoensis    2 
C.  laciniosa...      0.5 

Castanea  sp      0 
Catalpa 

C.  sp     _  1 
C.  bignonioides    0 

Ceanothus  foliosus    0 
Cereus 

C.  flagelliformis      1 
C.  grandis,-      1 

Chaenomeles 

C.  japonica    0.5-1 
0 

C.  superba     __  0.5 
Clematis  integrifolia    1 
Colutea  arborescens..    0.5 
Cornus 

C.  alba    0.5 
C.  mas    0 0.5 

C.  pubescens  var.  cali- 
f  arnica      0 

C.  sanguinea    1 
Corylus 

C.  aniericana    1.5 
C.  avellana      0 

0.5-1 C.  columa      0.5 
C.  cornuta    0 
C.  spp        0 1.5 

Cotinus  coggygria.....    0 
Crataegus 

C.  almaatensis,  C.  kyr- 
tostyla,  C.  macra- 
cantha,  C.  oxycantha...  0 

C.  monogyna    0.5 
C.  pinnatifida    0 

Cydonia  oblonga    0 
2 

Cytisus  aggregatus    0 
Daphne  mezereum    1 

20      -    56 

10-20  H*  at  pH  4.2        20       121,  125 
5     24         17-23       130 

2-16        24-48  30       95 

15-20  H*atpH5.7        20       121,125 
20      121 
20         121 

10-20         56,  67, 130 
10-20     121, 153 
10-20     24         17-20       112,130 
15-20  H^atpH4.2       24-48         20-30       95,121,125 
5-30         71 
20      _          121 
15     24         17-23       130 

2-16                24-48  30       95 

10  boric  acid,  0.01%;  Ca*%         74- 
K*,  Mg*^;  pH  8.3. 

10      24         17-23       130 

0-10            20-25       34 

5-30     24  22      130,  Cram^ 
2-16            24-48  30       95 
2-16        24-48  30       95 
15             24         17-23       130 

5-15  asparagin,  0.1%    24  25       64,163 
15         24         17-23       130 

0.5-20      _.       7-12         28-37       52,98 

5-30      -.-   -      71 
2-16  — .-         24-48  30       95 
3         49 

20-40         24         17-20      112 
20-30           24         17-20       112 

10-15  citric  acid,  0.01%    24  20       69,130 
2-16        24-48  30       95 
10         24         17-23       130 

10-20          -      24         17-20       112 
20      .._   _....    24         17-23       130 

10             24         17-23       130 
50         11 
20     24         17-23       130 

15           49 

10-15  citric  acid,  0.01%    24  20       69 

25       --        --   ---  22 
10-50  boric  acid,  0.001%      11,  79,121 
10-15  citric  acid,  0.01%....-    24  20       69, 130 
15      --  24         17-23       130 
15             49 
20         24  20       168 
20          24  20       168 

2-16      -     24-48  30       95 

2-16                24-48  30       95 
15   .-    24         17-23       130 
10              60 

2-15  .-.--           24-48  30       66,95 
15  .--              66 

2-16            24-48  30       95 
30-40         24         17-20       112 
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Table  7. — Pollen  germination  methods  for  arigiosperms — Continued 

Composition  of  germination  medium Incubation 

Species 
Agar 

concen- tration 

Sucrose 

concen- tration 

Other  components 
and  concentrations 

Time 

Tem- 

pera- 

ture 

Data 
source 

Percent 

0 Denclromecon  rigida      
Deutzia 

D.  gracilis   
D.  scabra   

Diospyros  kaki....   
Elaeagnus  commutata   
Eucalyptus 

E.  alba   
E.  pulverulenta   

Euonymous 
E.  europaea   
E.  7naackii  and  E. 

macroptera   
E.  nana  and  E. 

sieboldiana   
Fagus  sylvatica   
Forsythia 

F.  intermedia   
F.  intermedia,  F.  ovata, 

and  F.  suspensa   
F.  suspensa   

Fraxinus 
F.  excelsior       0.5-1 

0 
0.5 
1 
0.5 

0 
0 

0.5 

0 

0 
0.5 

0 

0.5 
0 

F.  (12spp.)   
Garry  a  elliptica   
Ham mamelis  V irg iniana.. 
Hydrangea  paniculata.... 
Hypericum  sp   
Juglans 

J.  cinerea   ?   
J.  nigra   

1-2 

0 
0 
0 
0 

J.  regia- 

J.  (3spp.)   
Laburnum  anagyroides... 
Ligustrum 

L.  sinense   
L.  vulgare   

Liquidambar  styraciflua. 
Liriodendron  tulipifera... 
Lonicera 

L.  bella  vars.  chrys- 
antha,  morroivii, 
notha,  and  tatarica.. 

L.  prolifera. 

0.5 0 
1 
0 
0.5 
1 
1 

0 

0.5-1 1 
1-2 

0 
0.5 

L.  tatarica        0.5-1 
L.  xylosteum   

Maackia  amurensis. 

Magnolia 
M.  grandiflora   
M.  soulangeana.... 

Malus 
M.  floribunda   
M.  microynalus   
M.  pumila   

0.5 
0 

0 

0.5 

0.5 0 
0 

M.  pumila        0.5-2 
M.  purpurea    0.5 

Mimosa  spegazzini      1 
Nerium  oleander     —  0 

Olea  europaea    2 
Osmaronia  cerasiformis —  0 

Parthenocissus  quinque- 
folia   —  1 

Phellodendron  amurense  ..  0 

Percent 15 

2-16 
15 
15 

20 
30-40 

20 
15 

10 

2-16 

10-15 

20-30 

20 2-16 

15-30 
15-20 

15 

30-50 
10 

10-20 

10 
10 
10 
10 
5 

10 
10-20 

2-16 

10-15 
10 

5-10 

2-16 
10 

10-20 
25 

2-16 

0 
15 

5-15 
2-16 

10-15 

10-15 
15 

20-30 
10 
15 

15 

10 
10 

Hours        °  C. 

24-48 

24 

24         17-23 

30 

17-23 

gelatine,  1.5%. 
gelatine,  1.5%. 6 

24 

30 

17-23 

24-48 

24 

30 
17-23 

49 

95 
130 156 

130 36 

9 

130 

60 

95 130 

boric  acid,  0.001-0.01%     _.  79,89 

boric  acid,  0.01%. 

24 
24-48 

24 
20-24 

17-23 
30 

17-23 
20-21 

boric  acid,  0.001-0.01%_ 

24 
20 

17-23 
22-24 4-24 

24 
boric  acid,  0.02%. 

citric  acid,  0.01% 

citric  acid,  0.01%. 

24 

24-48 
24 

8-12 

24-48 
24 
24 
24 

24-48 

20-21 
17-23 
25-30 
17-20 

30 
20 

22-24 
22-24 

30 
17-23 

20 

17-23 

30 water  only. 

boric  acid,  0.001-0.01%; 

pH  5.5-6.0. 

boric  acid,  0.01%;  Ca**, 
K%  Mg**;  pH  7.3. 

24 

24 
24-48 

6 

24 
24 

24 

17-23 

130 
95 

112,130 

96,99 

49 

11 
60 

49,154 

130 

91 

127 

61,126 

130 82 112 

95 

69,130 

Wilcox " 

96,112,160 

95 

130 09, 130 130 

95 

Santamour  ■ 130 
17-23  130 

30  95 
22-25  11,91,149,155 

17-23  42,  64,130 
17-23  130 
17-20  112      74 

24 

17-20 

42 

49 

112 
60 

89 
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Table  7. — Polleri  germination  methods  for  angiosperms — Continued 

Composition  of  germination  medium Incubation 

Species 
Agar 

concen- tration 

Sucrose 

concen- tration 

Other  components 
and  concentrations 

Time 

Tem- 

pera- 

ture 

Data 

source 

Percent 

Philadelphus 
P.  coronarius- 

P.  grandiflorus   
Physocorpus  opulifolius. 
Pistacia  vera   
Platanus  occidentalis   
Populus 

P.  alba   
P.  canescens     
P.  tremula...     

0.5- 

P.  tremuloides. 
Prunus 

P.  amygdalus  - 
P.  armeniaca  - 

P.  avium- 

0.5-: p.  besseyi   
P.  brigantina     _.. 
P.  cerasifera            0.5- 
P.  cerasus       
P.  domestica.-   _...   

0 
0 
1 0.5 

0.5 
2 
0.75 

0.5 
0 
0 
0.5 
2 

2 
0 
2 
0 
2 
1.5 
2 
2 
1 
0 

P.  japonica^.. 
P.  ynahaleb... 
P.  mexicana.. 
P.  padus   
P.  persica   

P.  reverchonii... 
P.  salicina   
P.  serotina   
P.  semilata   
P.  spinosa   
P.  tenella   
P.  tomentosa..-. 

Psidium  (5  spp.). 

Pyrus 
P.  communis   

P.  phaeocarpa.. 

P.  spp   
Quercus 

Q.  alba   
Q.  coccinea   
Q.  macranthera  and  Q. 

palustris   
Q.  petraea   

Q.  robur.. 

Q.  rubra       
Q.  spp     

Rhododendron 
R.  catawbiense 
R.  poniicum  and  R. 

praecox       
R.  hybridum   

Rhodotypos  scandens... 
Ribes 

R.  alpinum   

0.5-2 0 

0.5-1 
1.5 

0.5-1 0 

0.5-2 
1.5 

2 

0.5-2 0.5 

0.5-1 0.5 

0.5-2 0 

0 

0.5-2 0 
2 
1 

2 
0.75 

0.5 
0 0.5 

0 

0.5-1 
0.5-2 0 

0 

0 
1 
0 

0 0.5 

Percent 

10 
2 

10-15 15 

10 
14 10 

10 
20 

20-30 
15 
10 

15 
10-15 

15 15 

10-15 
20 15 

10-15 
20-30 
10-15 

10-15 2-16 

10-15 

20 10-20 
10-15 

13.5-15 
20 

13.5-15 10-15 15 

10-20 
15 
10 10 

10-15 

13.5-15 15 15 

1-20 

5 
10 
15 

5-20 

15 5-20 

10-15 5-15 

3.5-20 

10 

0 

-10 
-16 

40 
15 

Hours 

C. CaClo,  0.01  %.-._      H6 
boric  acid,  0.001-0.01%    20  22-24  91 
citric  acid,  0.01%      24  20  69,130 

24  17-23  130 
       24  17-23  130 
       24  26-28  H5 

boric  acid,  0.01%       24-48  22-24  Beland' 

.           24         17-23       130 
boric  acid,  0.001%    79 
boric  acid,  0.001%        79,121 
   24         17-23       130 
       67 

A2 

66,li9 

       66 
           66 

   24         17-23       42,  64,  66, 130 
yeast  extract    33 

42 

citric  acid,  0.01%.      24  20 
   24         17-20 

boric  acid,  0.01%;  pH  5.0  6  24 
to  6.6. 

   24         14-23 
      24-48  30 
citric  acid,  0.01%    24  20 

boric  acid,  0.001%. 24 

42,69,130 112 
11,66,146,149 

citric  acid,  0.01%. 
boric  acid,  0.01%.. 

24 
6 

24 20 

24 

17-23 

boric  acid,  0.01%. 

boric  acid,  0.01%;  Ca*"^, 

K\  Mr*. boric  acid,  0.001-0.01%; 

pH  5.2, 
boric  acid,  0.01%   

24 
24 
24 
24 
24 
12 

6 

24 

20 
17-23 

17-20 
17-23 
17-23 

20 

22-25 

20 
25 

boric  acid,  0.01% 18-24 22 

            24 17-23 

66, 130 
95 

69,130 33 

69,112,130 66,132,149 

42,  64,  66, 130 

33 

42,64 
67,69,96,130 

130 112,130 
130 
130,135 

46 

11,66,149,155 

42,64,66,69,130 66 
66 156 

78 

56 

130 
59 
130      24         17-23 

boric  acid,  0.001%       _...      59,  79 
citric  acid,  0.01%...^    24  20       69, 130 
gibberellic  acid      24         17-23       78,130 
boric  acid,  0.001%      115,116 

boric  acid,  0.001%     _...  154. 

malic  acid,  0.01%            8 
       24         17-20       112 
        24-48  30       95 

W  at  pH  5.2. 24 
24 17-23       130 
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Table  7. — Pollen  germination  methods  for  angiosperms — Continued 

Composition  of  germination  medium Incubation 

Species 
Agar  Sucrose 

concen-         concen- 
tration tration 

Other  components 
and  concentrations 

Time 

Tem- 

pera- 

ture 

Data 

source 

R.  grossularia  and  R. 
petraeum...     

R.  nigruvi   
R.  sarigiiineum   
R.  sativum   

Robinia 
R.  neomexicana   
R.  pscudoacacia   

Rosa 
R.  cayiina   

R.  damascena,  R.  foe- 
tida,  R.  laevigata,  R. 
odorata,  R.  gigantea  0 

R.  glutinosa,  R.  palus- 
tris,  R.  rugosa,  R. 
rubrifolia,  R. 
sweginzowii,  R. 
tuschetica    0 

Rubiis  parviflorus     __._  0 
Salix 

S.  alba    0 

0.5-1 S.  babylonica    0 
S.  bakko    0 
S.  caprea    0 

0.5-1 iS.  cinerea    0 
S.  daphnoides    0.5 
■S.  fragilis    0 

0.5-1 S.  livida,  S.  pentandra, 
and  S.  phylicifolia    0 

S.  purpurea        0.5-1 
S.  repens       0 
S.  vhninalis    0.5 

Satnbxicus 
S.  coerulea,  and  S. 

coreana    0 
S.  nigra       0 

0.5-1 S.  raceviosa    0.5 
Schisandra  chinensis    0 
Solanuyn  dulcamara    1 
Sorbus 

S.  aria,  S.  aucuparia, 
S.  intermedia        0.5-1 

S.koehneana    0 
Spiraea 

S.  arguta,  S.  douglasii, 
S.  latifolia,  S.  longi- 
gemmis,  S.  menziesii, 
S.  schinabeckii,S. 
trichocarpa    0 

S.  arguta  and  S. 
chamaedry  folia    0.5 

S.  salicifolia  and  S. 
vanhouttei    0.5 

Stephanandra  tanakae    0 
Syringa  vulgaris    0.5 
Tamarix  parviflora    0.5 
Tilia 

T.  americana      0 
1 

T.  amurensis    0 
T.  cordata          0 
T.  cordata  and  T. 

platyphyllos       0.5-1 

Percent 

Perce-) 
0.5 
0 
0 
0.5 

10 

2-20 

10-20 15 

0 
0 

0.5-1 

15-25 
20-50 
10-20 

0 
0.5 

10 
20 

20 

boric  acid,  0.001%. 
boric  acid,  0.001%. 

citric  acid,  0.01%. 

Hours  °  C. 

24  17-23  130 
24-48  30  79, 95 
20  22-24  49,  79,  91 
24  17-23  130 

20-25       34 

20-25       Slf,  68 

20       69, 130 

24 
24 
   146 
17-23       130 

boric  acid,  0.001%        16 

2-16 

24- 

-48 

30 95 

15 .  49,154 

5-20 
.  59 5-15 

24 17-20 
16 

20 

17-^20
' 

112,130 0 water  only   118 
7 

10-30 5-15 boric  acid,  0.001%   
24 

24 

124 

.  79,118,121 

112,130 

30 
121 15 

10 

5-15 
boric  acid,  0.001%   

24 

24 

17-23 

17-20 

130 
79 
112,130 

30 
.  121 

10-15 citric  acid,  0.01% 

24 

'24^ 

-48 

24
" 

24
 

-4
8 

24
 

24 

-48 

20 

"l7-23" 

30 20-30 

17-23 

30 
17-20 

20 
30 

69, 130 10 
15 

boric  acid,  0.001%   
.   79 

130 

2-15 
......     24 

49.95 
10 

_  114 

10  20 citric  acid,  0.01% 
69,112,130 10 
130 

2-16 
......     24 95 

20-30 112 

10  15 citric  acid,  0.01% 
69,130 2-16 ......     24 95 

2-16                       24-48  30  95 

15                24         17-23  130 

10           24  17-23  130 
2-16         24-48  30  95 
15     24         17-23  130 
10            24         17-23  130 

10  boric  acid,  0.001%          79 
5-30       ^1 
10      -      60 
10  boric  acid,  0.001%        79 

10-20                24         17-20  112,130 

91 
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Table  7. — Pollen  germination  methods  for  angiosperms — Continued 

Species 
Agar 

concen- tration 

Composition  of  germination  medium Incubation 
Sucrose 

concen- tration 

Other  components 
and  concentrations Time 

Tem- 

pera- 

ture 

Data 
source 

Ulmus 
U.  americana   
U.  carpinifolia,  U. 

glabra,  and  U.  laevis. 
Vaccinium 

V.  angustifolium   
y.  corymbosum   

Percent 

0.5-1 

Percent 

10 

10-20 

Hours 

citric  acid,  0.01%. 24 

Viburnum 
V.  carlesii.- 
V.  lantana. 

__      0.5- 

V.  opulus            0.5- 
V.  setigerum   

Vi7ica  sp   
Vitis  vinifera....   

Yucca  elephantipes- 

0.5 13.5 

0 10-15 

2.5 0 

0 
2-16 

-1 

10-15 
0 

2-16 

1 
5-20 

0 
2-16 

2 10 
0 10-25 
0 20-25 

0.5 10 
2 ia-14 
0 15-20 
0 10 

Mn** ;  boric  acid,  0.0036% ; 

pH  5.0  to  7.0. 

citric  acid,  0.01  %_ 

citric  acid,  0.01%. 

17 

18 

24-48 
24 

24-48 

24 
24-48 

20 

22-24 

26-28 

67 

40,69,112,130 

162 

29 

27       12 

30 
20 
30 

20-30 
30 

gibberellic  acid  or      _     
ascorbic  acid. 
       24         17-23       130 
      25-28       28 

gelatine,  2%       25-28       150 
boric  acid,  0.01%;  Ca+%           .___    ._  .      7U 

K.\  Mr*\  pH  7.3. 

95 

69,130 
95 

69,112,130 95 154. 

11,131 
92 

^  Cram,  W.  H.  Correspondence,  June  26,  1968.  Canada  Department  of  Agriculture,  Tree  Nursery,  PFRA,  In- 
dian Head,  Saskatchewan. 

-  Wilcox,  J.  R.  Correspondence,  March  28,  1968.  Purdue  University,  Department  of  Agronomy,  Lafayette,  In- diana. 

'  Santamour,  F.  S.  Correspondence,  June  29,  1968.  USDA,  Agriculture  Research  Service,  National  Arboretum, 
Washington,  D.  C. 

*  Beland,  J.  W.  Correspondence,  January  3,  1968.  USDA,  Forest  Service,  Southern  Forest  Exp.  Sta.,  Institute 
of  Forest  Genetics,  Gulfport,  Mississippi. 
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Chapter  V 

HARVESTING,  PROCESSING,  AND  STORAGE 
OF  FRUITS  AND  SEEDS 

by  William  I.  Stein/  Paul  E.  Slabaugh,-  and  A.  Perry  Plummer  ■'■ 

Demand  keeps  growing  for  viable  seeds  to  re- 
generate an  ever  greater  variety  of  trees  and 

shrubs.  Large-scale  commercial  seed  harvests 
are  common  for  major  species.  Many  smaller 
collections  serve  propagation,  display,  educa- 

tional, scientific,  medicinal,  ornamental,  curio, 
and  other  purposes.  Success  hinges  on  use  of 
sound  biological  information  and  proven  prac- 

tices. This  chapter  covers  the  concepts  and  prac- 
tices proven  sound  and  effective  for  collecting, 

processing,  and  storing  small  or  large  quanti- 
ties of  fruits  and  seeds.  Coverage  is  limited  to 

tree  and  shrub  seed  to  be  used  for  plant  propaga- 
tion. Agricultural  practices  that  recover  viable 

seed  as  a  byproduct  of  harvests  made  primarily 
for  food  are  not  included. 

In  this  chapter  the  word  fruit  is  used  in  the 
botanical  sense  and  includes  cones  of  gymno- 
sperms. 

PREHARVEST  PREPARATION 

The  scope  of  preharvest  planning  and  prep- 
aration is  largely  governed  by  the  kind  and 

quantity  of  seed  to  be  collected. 
Selecting  the  right  locality,  stand,  or  tree  for 

seed  collection  is  the  first  requirement.  The  seed 
user  must  select  sources  of  seed  that  are  suit- 

able for  the  areas  to  be  planted,  and  make  esti- 
mates of  the  amounts  required.  Collectors  must 

assume  responsibility  for  obtaining  the  needed 
quantities  from  specified  sources.  They  are  ob- 

liged to  maintain  identity  and  integrity  of  the 
individual  lot  during  collection,  processing, 
storage,  and  delivery  to  the  user. 

Quantitative  goals  for  fruit  and  seed  harvest- 
ing may  vary  from  fulfillment  of  immediate  or- 

ders, needs,  or  wants  to  speculative  collections 
made  for  anticipated  future  market  demands. 
Obtaining  the  needed  quantities  will  become 
even  more  complex  as  seed  users  more  rigor- 

'  Pacific  Northwest  Forest  and  Range  Exp.  Stn. 
'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 
'  Intermountain  Forest  and  Range  Exp.  Stn. 

ously  specify  genetic  quality  and  source  of  seed 
suitable  for  specific  areas.  Depending  on  crop 
periodicity,  seed  users  generally  aim  to  obtain 
a  2-  to  5-year  supply  when  there  is  a  bumper crop. 

The  collector  must  decide  whether  the  current 
seed  crop  is  large  enough  to  make  harvesting 
worthwhile.  This  decision  depends  on  many 
economic  and  administrative  considerations  that 
the  collector  must  resolve.  A  few  quantitative 
guides,  however,  have  been  suggested  for  de- 

fining a  harvestable  crop.  In  the  Lake  States, 
collecting  has  been  recommended  in  seed  produc- 

tion areas  during  years  when  there  is  at  least 
50  percent  of  a  full  crop  (Rudolf  1959).  Appli- 

cation of  this  guideline  would  require  some  year- 
to-year  knowledge  of  relative  quantities.  In 
southern  pines,  close  to  a  bushel  of  cones  per 
tree  has  been  judged  minimum  for  economic 
collection  (Goddard  1958,  McConnell  1966, 
Roberts  1966).  Climbing  was  much  more  eco- 

nomical for  a  minimum  of  200  cones  per  tree 
on  loblolly  (Pinus  taeda  L.)  and  slash  pine 
(Pinus  eUiottii  Engelm.)  than  for  100 ;  economi- 

cal collection  of  shortleaf  pine  {Pinus  echinata 
Mill.)  required  many  more  than  200  (Webb  and 
Hunt  1965,  Zobel  et  at.  1956).  Obviously,  such 
criteria  may  change  radically  if  collections  are 
made  mechanically  or  if  the  harvest  involves 
genetically  improved  seed  (Cole  1963;  Hallman 
1971).  For  commercial  collection  to  be  worth- 

while in  untended  western  stands,  several  hun- 
dred bushels  of  cones  must  normally  be  acces- 
sible in  a  given  locality  (Maxwell  and  Aldhous 1967). 

Finding  the  Crop 

Increasingly,  fruits  and  seeds  will  be  col- 
lected from  selected  stands,  seed  production 

areas,  or  seed  orchards  (Chapter  III).  Location 
of  these  areas  is  known  and  timely  surveillance 
will  reveal  crop  prospects.  However,  large  quan- 

tities of  tree  and  shrub  seed  will  continue  to  be 
collected  from  wild  stands  which  must  be 
searched  for  suitable  harvestable  crops. 
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Crop  potential  must  be  evaluated  as  early  as 
possible  for  several  reasons.  Knowledge  of  next 

year's  potential  helps  determine  this  year's 
level  of  effort.  Either  presence  or  absence  of  a 

potential  crop  provides  guidance  for  next  year's 
collecting  opportunities.  Crop  prospects  affect 
budgets  prepared  for  the  year  of  crop  maturity. 

Next  year's  crop  prospects  may  be  sized  up 
while  searching  for  or  making  this  year's  col- 

lections. Absence  of  yearling  cones  on  most 
species  of  pine  (Pinns) ,  berries  on  several  juni- 

pers (Juniperus),  acorns  on  most  black  oaks 
(Quercns),  or  similar  evidence  on  species  that 
mature  fruits  over  a  2-year  period  presages 
crop  failure  for  the  following  year.  Conversely, 
presence  of  immature,  first-year  fruits  promises 
a  potential  crop  next  year  or  the  year  after.  On 
many  species  maturing  fruit  in  one  season, 
flower  buds  are  distinguishable  from  vegetative 
buds  as  early  as  the  preceding  late  summer  or 
fall  (fig.  1),  providing  another  basis  for  evalu- 

ating crop  potential  a  year  or  more  before  har- 
vest. Potential  can  be  detected  even  earlier,  14 

to  17  months  prior  to  harvest,  in  several  spe- 
cies by  anatomical  examination  of  developing 

buds  (Owens  and  Pharis  1971,  Silen  1968). 
Examination  of  branchlets  blown  onto  roads  by 
strong  fall  or  winter  winds  has  been  recom- 

mended for  practical,  early  evaluation  of  crop 
prospects  in  tall  stands  of  Douglas-fir  (Pseu- 
dotsufia  meuziesii  (Mirb.)  Fi'anco)  (Silen 
1968).  Binocular  counts  of  buds  or  immature 

fruits  have  been  tested  for  estimating  crop  po- 
tential in  longleaf  pine  (Piiius  palustris  Mill.) 

(Croker  1971)  and  oaks  (Quercus)  (Gysel 
1958).  A  rating  system  for  potential  crops, 
based  on  counts  of  ovulate  buds  or  strobili  found 
on   sample   branches,   has   been   developed   for 

western  larch  {Larix  occidentalis  Nutt.)  (Roe 
1966).  Efforts  to  develop  ratings  for  potential 
crops  of  west  coast  conifers  are  now  underway 
in  British  Columbia. 

Seasonal  variation  in  weather  also  provides 
leads  on  crop  potentials.  If  flowering  occurred 
during  a  period  of  warm  and  stable  weather, 
the  crop  may  mature  with  minimum  tree-to-tree 
variation.  When  an  early  flowering  species  is 
exposed  to  an  extended  period  of  cold  spring 
weather,  pollenation  may  be  delayed  on  some 
of  the  trees.  Consequently,  fruit  ripening  dates 
may  vary  greatly  between  individual  trees 
(Pugsley  1972).  Widespread  or  local  occurrences 
of  frost,  drought,  insect  attack,  windstorm,  etc., 
all  have  their  influences  on  crop  prospects 
(Powells  and  Schubert  1956,  Greathouse  1966, 
Pawsey  1960,  Wakeley  1954).  No  one  can  ac- 

quire information  on  all  such  events  through- 
out a  large  collection  area.  Whatever  can  be 

acquired,  incidentally  or  through  repeated  ob- 
servation of  well-chosen  sample  trees  or  shrubs, 

helps  to  evaluate  prospects  and  narrows  the 
search  for  harvestable  crops. 

Annual  crop  forecasts  may  prove  helpful  in 
locating  harvestable  crops.  Statewide  crop  re- 

ports are  published  in  California,  Oregon,  and 
Washington.  Developing  cone  crops  are  rated 
each  year  in  June  and  July  by  personnel  of  the 
State  forestry  departments  and  U.S.  Forest 
Service.  Information  is  summarized  by  species, 
geographic  area,  and  seed  zone  (e.g.,  Eden  1972, 
USD  A  Forest  Service  1972).  Immediate  and 
potential  usefulness  of  such  reports  has  been 
summarized  by  Schubert  and  Adams  (1971). 

In  regions  where  many  people  participate  in 
harvesting,  seed  companies  and  forestry  organi- 

zations issue  news  releases  about  the  current 

Figure  1.   Next  year's  potential  crop — ovulate    (left)    and   staminate    (right)    flower   buds   on   white   fir    (Abies 
concolor  (Gord.  &  Glend.)   Lindl.)   twigs  in  the  fall. 
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crop,  collection  opportunities,  and  organizations 
purchasing  cones  or  seeds.  Some  landowners 
sign  collection  areas  and  post  elevations  along 
roads. 

Leads  on  harvestable  crops  must  generally 
be  confirmed  by  field  reconnaissance.  Inspection 
shortly  before  harvest  is  necessary  to  confirm 
crop  prospects,  observe  development,  and  check 
on  late  appearing  adverse  events  such  as  insect 
attacks,  fruit  and  cone  abortions,  and  prema- 

ture harvesting  by  squirrels  and  birds  (Chap- 
ter I). 

Collection  areas  should  be  spotted  where  seed- 
bearing  plants  have  characteristics  best  suited 
to  the  proposed  planting  objective.  Each  objec- 

tive such  as  timber  production,  Christmas  trees, 
wildlife  food  and  cover,  soil  stabilization,  or  en- 

vironmental planting  may  require  a  different 
species,  variety,  or  race.  To  maintain  genetic 
quality  in  any  species  or  a  subdivision  thereof, 
seeds  should  be  collected  only  from  the  best 
phenotypes.  Several  guides  are  suggested  for 
selecting  these  types. 

Collect  seed  only  from  healthy,  vigorous  trees  or 
shrubs  of  reasonably  good  form  that  are  making 
average  or  better  growth. 

Where  possible,  collect  from  nearly  mature  trees  or 
shrubs  since  these  have  most  fully  demonstrated 
their  capabilities  on  the  site. 

Consider  prospects  for  adequate  cross-pollination 
before  collecting  from  individuals  isolated  from 
others  of  their  kind. 

Do  not  collect  seed  from  unproven  plantations  un- 
less their  origin  is  known. 

Avoid  collecting  in  stands  containing  numerous 
poorly  formed,  excessively  limby,  off-color,  abnor- 

mal, or  diseased  trees  or  shrubs. 

A  quick  estimate  of  fruit  or  cones  available 
is  a  key  part  of  stand  selection  during  field  re- 

connaissance. The  estimate  may  cover  the  en- 
tire crop  or  only  that  portion  judged  harvest- 

able.  Estimating  techniques  generally  involve  a 
fruit  or  cone  count  on  one  side  of  the  tree  or 
on  selected  branches  or  crown  areas  and  expan- 

sion of  the  count  to  a  total  for  the  tree  and  area 
(Crawford  1959,  Derr  and  Mann  1971,  Great- 
house  1966,  Seidel  1970,  Wakeley  1954,  Webb 
and  Hunt  1965).  Experience  of  the  estimator, 
crop  appearance,  and  accuracy  required  will 
govern  the  time  spent  in  making  estimates. 
Evaluation  of  seed  content  in  iruits  or  cones, 
a  vital  part  of  any  crop  estimate,  is  discussed 
under  crop  quality. 

Collection  Contracts 

Whenever  fruits  or  seeds  are  to  be  collected 
on  land  not  owned  by  the  collector,  written  au- 

thorization from  the  landowner  must  be  ob- 
tained. A  clear  understanding  must  be  reached 

between  collector  and  landowner  about  periods 
of  entry,  methods  of  collection  to  be  used,  and 

permissible  levels  of  mechanical  damage  to  trees 
or  shrubs.  A  mutual  understanding  on  these 
points  could  prevent  later  unpleasantries. 

Under  many  circumstances,  fruits,  cones,  or 
seeds  are  collected  under  some  form  of  informal 
or  formal  contractual  arrangement.  The  con- 

tract might  be  for  climbing  only ;  for  collection ; 
or  for  collection,  processing,  interim  storage, 
and  delivery  of  clean,  viable  seed.  Where  large- 
scale  collections  are  made  in  every  good  crop 
year  by  seed  companies,  timber  companies,  and 
public  agencies  (Camp  1972,  Erickson  1968, 
Maxwell  and  Aldhous  1967),  climbing,  collec- 

tion, or  seed  contracts  may  be  publicly  adver- 
tised and  awarded  to  the  lowest  bidder.  Terms 

of  some  contracts  include  designated  or  exclu- 
sive collection  rights  to  crops  available  in  spe- 
cified areas.  Those  interested  in  collecting  should 

inquire  of  public  agencies  and  seed  or  timber 
companies  about  anticipated  arrangements  and 
opportunities  months  in  advance  of  harvest time. 

Laws  of  many  States  contain  labeling,  certifi- 
cation, or  phytosanitary  provisions  applicable 

to  tree  and  shrub  seed  (Chapter  VIII).  In  a  few 
instances,  fruits  or  seeds  may  be  subject  to  a 
severance  or  harvest  tax.  Current  information 
on  applicable  laws  and  regulations  are  obtain- 

able from  Federal  or  State  seed  laboratories, 
State  agricultural  or  forestry  departments,  and 
County  Extension  Agents. 

HARVESTING 

Success  in  harvesting  requires  an  understand- 
ing of  seed  ripening  and  dispersal  character- 

istics, knowledge  of  seasonal  weather  trends 
affecting  timing  of  collection,  sufficient  evalua- 

tion of  crop  quality,  and  efficient  application  of 
good  harvesting  techniques.  Safe  practices  and 
safety  equipment  are  necessary  to  prevent  ac- 

cidents on  collecting  operations.  Hard  hat, 
safety  belt,  and  stout  gloves  are  standard  items 
of  equipment  for  each  crew  member.  Crew 
training  in  safe  practices  is  particularly  advis- 

able before  climbing  in  tall  trees.  Climbers 
should  generally  work  in  pairs  and  their  equip- 

ment should  be  inspected  daily.  Substantial  in- 
formation on  safe  equipment  and  methods  for 

harvesting  has  been  published  (Hutt,  1957, 
Ignell  and  Sinko  1969,  McConnell  1965,  Matusz 
1964,  Miles  and  Hoekstra  1954,  Morandini  1961, 
Seal  et  al.  1965,  Snyder  and  Rossoli  1958). 

Often  collectors  bear  sole  responsibility  for 
correctly  identifying  the  species  from  which 
seed  is  collected.  Correct  field  identification  is 
particularly  important  for  a  variety,  or  a  race, 
because  in  many  instances  their  cleaned  seeds 
have  no  visible  characteristics  that  distinguish 
them  from  other  varieties  or  races.  When  iden- 

tity of  the  tree  or  shrub  is  in  doubt,  samples  of 
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fruit  and  foliage  should  be  submitted  to  a  for- 
ester, a  range  conservationist,  or  a  botanist  for 

verification. 

Collection  Season 

Late  summer  and  fall  are  optimum  for  collect- 
ing fruits  and  seeds  of  many  species,  but  some 

must  or  can  be  collected  at  other  times  of  year. 
The  collection  period — between  fruit  or  seed 
maturation  and  seed  dispersal — is  normally 
short  for  species  in  many  genera,  e.g.,  Abies, 
Ceauothns,  Popnlus,  Salix;  in  others,  fruits  or 
seeds  may  be  available  for  collection  from  the 
plant  or  beneath  it  for  weeks  or  months,  e.g., 
Atriplex,  Cedrus,  Quercus,  Robinia.  Year-round 
collection  is  possible  from  some  species,  pri- 

marily those  pines  (Pinus)  with  serotinous 
cones — e.g.,  P.  attennata  Lemm.,  P.  banksiana 
Lamb.,  P.  rigida  Mill. — and  some  cypresses 
(CupressHs)  and  junipers  (Jio/ipervs).  Ripen- 

ing and  seed  dispersal  periods  for  individual 
species  are  given  in  Part  2. 

Seasonal  events  and  location  cause  wide  vari- 
ability in  timing  and  length  of  the  year-to-year 

collection  period.  For  example,  if  snow  is  deep 
and  melts  late  in  high  country,  flowering  may 
be  so  late  that  crops  do  not  even  mature.  Con- 

versely, an  early  spring  and  dry  summer  can 
cause  very  early  seed  ripening  and  dispersal. 
When  drying  fall  winds  occur,  most  seeds  of 
several  western  conifers  will  disperse  in  a  few 
days.  In  another  fall,  rainy  conditions  may  pre- 

vail and  cones  will  retain  most  of  their  seeds  for 
weeks  or  months.  A  high  wind  or  a  rainstorm 
may  cause  rapid  dispersal  of  the  entire  crop 
of  mature  seeds  on  some  shrubs.  Cones  generally 
ripen  first  at  lower  elevations  and  south  and 
west  slopes,  later  at  higher  elevations  and  north 
and  east  slopes  (Schubert  and  Adams  1971). 
Maturity  may  be  reached  several  weeks  earlier 
on  hilltops  than  in  nearby  bottoms  (Cobb  1959). 

The  prudent  collector  generally  starts  collect- 
ing as  soon  as  fruits  or  seeds  are  mature.  Maxi- 

mum amount  of  seed  is  then  available.  A  few 

days'  delay  sometimes  makes  the  difference  be- 
tween collection  success  or  failure,  particularly 

with  species  whose  seeds  disperse  quickly  or 
are  highly  attractive  to  birds  and  mammals. 

Maturity  Indices 
Fruit  collection  should  be  started  only  when 

seeds  are  suflficiently  mature.  Fortunately,  this 
point  is  reached  for  many  species  a  week  or 

more  before  fleshy  fruits  drop,  di-y  fruits  de- 
hisce, or  cone  scales  bend  back  to  release  seeds. 

Available  information  on  indicators  of  maturity 
for  individual  species  is  provided  in  Part  2.  For 
such  species,  collections  can  begin  as  soon  as 
the  fruits  reach  the  designated  stage. 

Immature  fruits  may  be  collected  by  mistake 
from  species  having  fruits  that  require  2  or  3 

years  for  development.  Several  species,  e.g., 
Chamaecyparis  tiootkate)isif  (D.  Don)  Spach, 
Juniper  us  occidentalis  Hook.,  bear  immature 
fruits  that  are  nearly  equal  to  mature  ones  in 
size  and  color.  Whenever  possible,  collection 
from  intermingled  mature  and  immature  fruits 
should  be  avoided  because  they  are  difficult  to 
separate  (Stoeckeler  and  Slabaugh  1965).  Also, 
cones  of  many  conifers  have  been  collected  after 
their  seeds  were  shed.  Cones  that  have  recently 
shed  their  .seeds  will  reclose  almost  completely 
during  periods  of  rainy  weather  (Allen  and 
Owens  1972). 

In  most  species,  maturity  for  collection  is 
judged  subjectively  by  visible  indicator.s — at- 

tainment of  ripe  color,  firmness  of  fleshy  fruit, 
drying  of  cone  scale  or  bract,  external  or  in- 

ternal appearance  of  the  seed  itself,  etc.  ( Chap- 
ter I).  Such  subjective  indicators  have  a  variety 

of  shortcomings  (Schubert  and  Adams  1971), 
but  they  have  proved  reasonably  practical.  In 
application,  their  chief  drawback  lies  in  the 
judgment  and  experience  required  of  the  col- 

lector for  timing  collection  of  crops  that  have 
natural  variability  in  color,  size,  appearance, 
etc.,  from  one  locality,  or  one  season,  to  another. 
When  in  doubt,  it  is  better  to  .shorten  the  collec- 

tion period  than  to  collect  an  immature  crop. 
Immature  seeds  are  low  in  viability  and  often 
produce  low-vigor,  deformed  seedlings  (Heit 
1961,  Schubert  1956).  Reliable  and  readily  de- 

termined indicators  of  seed  maturity  are  needed 
for  many  more  species.  At  least  one  company 
analyzes  biochemical  constituents  in  the  seed 
to  establish  the  earliest  permissible  date  for 
large-scale  collection  of  Douglas-fir  (Pseudot- 
suqa  menziesii  (Mirb.)  Franco)  and  noble  fir 
(Abies  prncera  Rehd.)  (Rediske  1968). 

As  seeds  of  conifers  become  mature,  specific 
gravity  (SG)  of  their  cones  decreases  because 
of  loss  of  water.  Specific  gravity  indices  of  ma- 

turity have  been  established  for  cones  of  a  num- 
ber of  species.  Those  for  firs  (Abies)  and  pines 

(Pinus)  are  listed  in  Part  2.  In  the  field,  a  cone 
is  placed  in  a  flotation  liquid  in  which  it  will 
float  if  mature  or  sink  if  immature.  Various 
mixtures  of  kerosene — SG  =  0.80,  light  motor 
oil  (SAE20)— SG  =  0.88,  and  linseed  oil— 
SG  =  0.93  have  been  used  to  prepare  flotation 
liquids  having  a  designated  specific  gravity. 
Flotation  tests  must  be  made  immediately  after 
cones  are  picked  from  a  tree. 

In  some  cones,  seeds  are  mature  before  the 
amount  of  drying  is  appreciable.  Those  of  blue 
spruce  (Picea  pnngens  Engelm.),  for  example, 
are  ripe  when  SG  =  0.95  (Cram  1956).  At  this 
magnitude,  water  could  be  used  for  the  flotation 

liquid.  At  the  othe;*  end  of  the  range  ai'e  cones 
of  white  spruce  (Pccea  f/lauca  (Moench)  Voss) 
that  are  ripe  when  SG  —  0.74  (Cram  and  Wor- 
den  1957).  Kerosene  could  be  used  to  float  these 
cones. 
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Variation  in  crop  maturity  often  occurs 
among  individual  trees  and  even  on  different 
sides  or  parts  of  a  single  tree  or  shrub.  Where 
such  variation  is  present,  the  collector  may 
forego  collection  of  shaded  fruits  within  the 
crown  or  postpone  harvest  several  days  or  more 
on  certain  plants  to  insure  seed  of  acceptable 
quality. 

In  special  cases,  immature  fruits  may  be  col- 
lected. Immature  seeds  of  several  species  after- 

ripen  satisfactorily  when  the  fruits  are  stored 
in  a  favorable  environment  (Bonner  1970a, 
Pfister  1966,  Rediske  1969,  Silen  1958,  Waldrip 
1970,  Barnett  and  McLemore  1970).  Collection 
of  immature  fruits  of  some  species  of  dogwood 
(Cor)ms),  ash  (Fraxinus),  and  basswood  (Tilia) 
is  permissible  or  recommended  (Hartmann  and 
Kester  1968,  Soljanik  1968). 

Seed  Content  of  Fruits 
Seed  content  of  fruits  should  be  examined 

during  reconnaissance  and  again  immediately 
before  collection  to  determine  whether  enough 
seeds  are  present  to  make  collection  worthwhile. 
Quality  of  conifer  cones  is  often  evaluated  by 
estimating  number  of  good  seeds  present  in 
several  representative  cones  that  are  sliced 
lengthwise  with  a  sharp  knife.  Cones  of  cedars 
(Thuja),  Douglas-firs  (Pseudotsuga),  hemlocks 
(Tsnga),  pines  (Pinus),  and  spruces  (Picea) 
are  generally  sliced  through  the  center ;  for  true 
firs  (Abies),  the  lengthwise  cut  is  made  14  to  1/2 
inch  to  one  side  of  center  (Douglass  1969).  In- 

cense-cedar (Libocedrus)  cones  can  be  cut  across 
the  axis  14  inch  above  the  base  (Schubert  and 
Adams  1971).  Number  of  cones  to  sample  varies 
with  accuracy  desired  and  consistency  of  seed 
content.  Sampling  of  four  or  more  typical  cones 
taken  at  various  sides  and  heights  of  each  tree 
to  be  picked  has  been  recommended  for  western 
conifers  (Douglass  1969).  One  or  two  cone  sam- 

ples from  each  of  20  to  100  trees  in  an  area 
are    suggested    for    southern    pines    (Wakeley 

1954).  A  variety  of  commercial  and  homemade 
mounted  knife  assemblies  have  been  developed 
for  safely  and  speedily  cutting  through  the 
tough  woody  cones  (fig.  2)  (Seal  et  al.  1965, 
Wilson  1968a,  Winjum  and  Johnson  1960). 

In  a  cone  sliced  through  the  center,  the  normal 
seeds  that  are  visible  on  one  cut  surface  are 
counted  (fig.  3).  Underdeveloped  seeds  at  the 
top  and  base  of  the  cone  are  not  included.  A  good 
average  seed  count  on  the  cut  surface  varies  by 
species  (Douglass  1969) : 

Good  average 
Species  seed  count 

Douglas-fir  (Pseudotsuga  menziesii 
(Mirb.)    Franco)      6 

Western  hemlock  (Tsuga  heterophylla 
(Raf.)  Sarg.)     8 

Ponderosa  pine  (Pinus  ponderosa 
Laws.)        __._  10 

Sitka  spruce  (Picea  sitchensis 
(Bong.)  Carr.)         14 

True  fir  (Abies)  counts  are  based  on  percent 
of  filled  cavities  in  the  total  number  exposed. 

Figure  2. — Cones  are  sliced  lengthwise  to  judge  their 
seed  content. 

Figure  3. — Seed  content  is  estimated  by  counting  good 
seeds  on  one  surface  of  each  of  several  sliced  cones. 

Good  true  fir  cones  have  50  percent  or  more 
full  seeds  (Douglass  1969) ;  if  evaluated  in  the 
same  way,  pines  should  have  75  percent  (Schu- 

bert and  Adams  1971).  Minimum  acceptable 
seed  counts  per  cone  may  vary  from  year  to  year 
depending  on  seed  supply  and  demand. 

Relationships  between  count  of  exposed  seeds 
and  number  of  seeds  per  cone  have  been  deter- 

mined for  a  few  species.  Derr  and  Mann  (1971) 
have  summarized  such  data  for  five  southern 
pines.  In  Douglas-fir  (Psexidotsuga  menziesii 
(Mirb.)  Franco),  there  are  four  to  five  times 
as  many  good  seeds  per  cone  as  are  visible  on 
the  cut  surface  (Greathouse  1966).  Data  on 
number  of  seeds  per  cone  and  on  number  of 
cones  per  bushel  can  be  used  to  compute  the 
number  of  bushels  of  cones  needed  to  obtain  a 
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given  quantity  of  seed.  For  greater  precision, 
volume  per  cone  and  average  number  per  bushel 
can  be  determined  for  the  crop  being  picked 
(Dickmann  and  Kozlowski  1971,  McLemore 
1972).  Average  yields  of  clean  seed  per  bushel 
of  cones  are  listed  for  many  species  in  Part  2 
and  provide  another  means  for  roughly  estimat- 

ing how  many  bushels  of  cones  or  fruits  are 
needed. 

Seed  content  evaluation  procedures  are  well 
developed  only  for  the  major  commercial  coni- 

fers. The  crop  should  be  scanned  also  for  biotic 
or  climatic  damage  before  commencing  harvest 
and  samples  of  fruit  or  seeds  should  be  cut  open. 
Visible  signs  of  possible  internal  damage  include 
deformed  cones  (fig.  4)  ;  presence  of  frass,  pitch, 
or  exudate  (fig.  5) ;  insect  entry  or  exit  holes 
(fig.  6)  ;  blemished,  off-color,  or  partially  con- 

sumed fruits  (fig.  7).  Examination  of  other 
types  of  fruit  should  provide  answers  to  sucli 
questions  as :  What  is  the  proportion  of  full  and 

Figure  6. — Larval  exit  hole  on  cone  of  incense-cedar 
(Libocedrus  dccurrens  Torr.). 

Figure    4. — Partly    aborted    cone    of    noble    fir    (Abies 
proccra  Rehd.). 

Figure  7. — Sugar  pine  (Piniis  lambertiana  Dougl.) 
cones  attacked  by  the  California  woodpecker  (Balano- 
sphyra  formicivora  bairdi  (Ridgrway)). 

Figure   5. — Insect-caused   pitch    and   frass   on   cone   of 
Jeffrey  pine   (Pinus  jeffreyi  Grev.  &  Balf.). 

aboi'ted  seeds  in  a  fruiting  head  or  fruit  cluster? 
Are  thei-e  many  underdeveloped  spots  on  nut 
husks  or  off-color,  diseased  fruits  on  a  tree  or 
shrub?  Is  insect  activity  in  fleshly  fruits  actually 
damaging  the  seeds? 

Sometimes,  more  than  the  visible  damage  and 
reduced  count  of  good  seed  may  be  involved. 
Certain  types  of  insect  damage  impair  seed 
viability  or  seed  extraction  from  the  cone,  e.g., 
fusing  of  seed  and  scale  caused  by  the  Douglas- 
fir  cone  midge  (Co')tarinia  oregonei  sis  Foote) 
(Chapter  I).  Likewise,  certain  cone  deformities 
reduce  seed  count  (.Jeffers  1972)  and  may  im- 

pair seed  extraction.  Types  of  damage  are  dis- 
cussed   in    Chapter    I.    Several    comprehensive 
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summaries  may  be  of  help  in  identifying  and  as- 
sessing effects  of  insect  (Baker  1972,  Ebel  1963, 

Keen  1958)  and  disease  (Boyce  1948,  Hepting 
1971)  attacks. 

The  smaller  fruits  or  cones  on  an  individual 
tree  or  shrub  have  the  same  genetic  character- 

istics as  the  larger  ones.  However,  small  size 
might  indicate  immaturity,  low  seed  content, 
biotic  damage,  or  abnormal  development.  De- 

sirability of  collecting  such  fruits  or  cones  must 
be  decided  in  each  particular  circumstance. 

Harvesting  Methods 
Size  largely  dictates  whether  seed  should  be 

collected  before  or  after  dispersal  from  the 
plant.  Collection  from  the  ground  is  practical 
when  fruits  or  dispersed  seeds  drop  promptly 
and  are  large  enough  to  be  gathered  readily  as 
in  beech  (Fag us),  oak  (Quercus),  mulberry 
(Morns),  and  Osage  orange  (Madura).  Natural 
fruit  or  seed  drop  may  be  speeded  by  shaking 
the  plant  by  hand  or  machine. 

Fruits  that  remain  hanging  while  shedding 
their  small  seeds  must  generally  be  picked  or 
shaken  from  the  plant  before  dispersal  com- 

mences. The  time  between  seed  ripening  and 
dispersal  is  short  for  many  species.  For  others 
ripe  fruits  may  hang  for  lengthy  periods  before 
dispersing  seeds  or  dropping;  e.  g.  serotinous 
cones  on  pines  (Pinus),  fruiting  heads  of  syca- 

more (Platanus),  pomes  of  Utah  serviceberry 
(Amelanchier  utahensis  Koehne),  and  utricles 
of  saltbush  (Atriplex).  In  a  few  instances, 
gathering  of  small  seeds  after  dispersal  may 
prove  practical ;  e.g.,  by  spreading  collecting 
tarps  or  vacuuming. 

Harvesting  by  Hand 
Picking  or  stripping  fruit  or  seeds  by  hand 

from  the  plant  (fig.  8)  or  the  ground  is  the  most 
flexible  of  all  methods.  Simple  handtools — wire 
hooks  to  pull  limbs  closer,  shaking  poles,  and 
cutters  mounted  on  poles  are  useful  aids  to  col- 

lections (fig.  9)  ;  along  with  shears,  flails,  and 
rakes  (Gradi  1966,  Stoeckeler  and  Slabaugh 
1965).  Smaller  fruits  are  generally  harvested 
directly  into  a  basket,  bag,  hopper,  tub,  or  other 
container  held  or  worn  by  the  picker  (fig.  10) 
or  loosened  and  dropped  onto  canvas  or  sheeting 
spread  beneath  the  trees  or  shrubs  (fig.  9) 
(Plummer  et  al.  1968).  Large  fruits  or  cones 
are  often  knocked  or  shaken  off  and  gathered 
later  by  the  climber,  his  ground  assistant,  or 
separate  organized  crews  (Roberts  1966).  Seeds 
of  some  species  can  be  swept  from  walks  and 
roadways  or  gathered  conveniently  from  wind 
or  water  drifts,  e.g.,  maples  (Acer),  sycamore 
(Platanus),  and  water  tupelo  (Nyssa  aquatica 
L.)  (Bonner  1966,  Briscoe  1969). 

Mowing  grass,  clearing  brush,  smoothing  the 
ground,  or  spreading  canvas,  cloth,  or  plastic 

Figure  8. — Stripping  berries  of  eastern  redcedar  {Juni- 
perus  virginiana  L.). 

ILaa^jr 

Figure  9. — Shaking  off  fruits  of  white  mulberry  {Morus 
alba  L.)  onto  canvas. 

sheeting  under  the  tree  or  shrub  can  expedite 
the  gathering  of  fruits  or  seeds  from  the  ground 
(McConnell  1965,  Roberts  1966).  A  suspended 
net  or  fiberglass  screen  with  catching  pocket  at 
the  bottom  is  useful  for  trapping  light  seeds  of 
ashes  (Fmxi)ius),  elms  (Ulmus),  and  mountain- 
mahoganies  (Cercocarpus),  as  they  are  shaken 
or  flailed  from  the  crown  (fig.  11)  (Carmichael 
1955,  Plummer  et  al.  1968). 

Prompt  collection  of  fallen  fruits  will  reduce 
losses   to   fungi,    insects,   animals,   and   birds. 
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Conifer  cones  exposed  to  high  soil  surface  tem- 
peratures may  open  in  several  days  and  shed 

seeds.  Acorns  of  some  oaks  and  seeds  of  sev- 
eral other  species  may  either  dry  out  or  ger- 

minate (McDonald  1969,  Olson  1957).  The  first 
fruits  or  seeds  to  drop  naturally  are  often  of 
poor  quality  and  should  not  be  collected  (Ald- 
hous  1972,  Stoeckeler  and  Jones  1957). 

Any  needles,  leaves,  grass,  and  other  debris 
that  are  collected  with  the  fruits  v^^ill  fragment 
during  drying  and  processing  and  generally  in- 

crease the  difficulty  of  cleaning  the  seed.  Such 
debris  should  be  separated  during  collection,  if 
feasible. 

Many  means  have  been  devised  to  collect 

fruits  that  are  beyond  ai^m's  reach  from  the 
ground.  Hooking  or  collecting  devices  on  light 
sectional  poles  can  be  extended  as  much  as  50 
feet  above  ground.  Use  of  such  poles  is  arduous 
and  slow,  suitable  mainly  for  harvesting  small 
quantities.  A  variety  of  ladders  and  platforms, 
or  cable  and  balloon  systems  give  the  picker 
direct  access  to  the  crown  perimeter.  For  mo- 

bility and  handling  ease,  long  extension  ladders 
(fig.  12),  picking  platforms,  or  scaffolds  have 

Figure  10. — Flailing  Utah  serviceberry    {Amelanchier 
iitahensis  Koehne)  into  a  canvas  hopper. 

Figure  11. — Shaking  off  and  netting  seed  of  Siberian 
elm  (Ulmus  pumila  L.). 

Figure  12. — Using  truck-mounted  extension  ladder  to 
collect  seed  of  Douglas-fir  (Psctulofsuga  wrnzicsii 
(Mirb.)  Franco).  (Washington  State  Department  of 
Natural  Resources  photo.) 
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been  mounted  on  trailers,  trucks,  or  rough-ter- 
rain vehicles  (Funsch  1971,  Grinnell  and  Her- 

ridge  1970,  Johansen  and  Arline  1958,  Petersen 
1962).  Collecting  capabilities  are  materially  im- 

proved, but  the  investment  costs  are  substantial. 
Safe  operation  requires  careful  attention  to 
positioning  of  the  vehicle  and  to  horizontal- 
reach  limitations  of  the  elevated  ladder  or  boom 
(USDA  Forest  Service  1968). 

Limited  trials  have  shown  that  cable  systems 
supporting  a  carriage  with  basket  or  ladder  can 
move  pickers  alongside  tree  crowns.  Although 
access  to  several  trees  is  obtained  with  one  set- 

ting, the  installation  is  time  consuming  (Gradi 
1966,  Matusz  1964).  This  system  would  prove 
most  profitable  in  a  stand  where  repeated  collec- 

tions will  be  made.  Balloon-supported  cable  sys- 
tems have  been  tested  in  Sweden  (Gradi  1966, 

Matusz  1964). 
Climbing  into  the  crown  may  prove  eflScient 

for  picking  crops  from  short  trees  (fig.  13)  and 
often  is  the  only  practical  way  of  harvesting 
crops  that  are  beyond  the  reach  of  ladder  or 
platform  (fig.  14).  To  assist  the  climber  in 
reaching  lower  limbs  of  the  live  crown,  tripod 

ladders,  extension  ladders,  scafi'olding,  or  ve- 
hicle-mounted lifts  (fig.  15)  can  be  used  (Cech 

1961,  Johansen  and  Arline  1958,  Martin  1966, 
Morandini  1961).  Higher  crowns  can  be  reached 
by  using  climbing  irons,  sectional  ladders  (fig. 
16),  rope  ladders,  climbing  steps  or  pins,  or 
various  cable  or  rope  assists  (Allen  1960,  Cole 
1963,  Denison  et  al.  1972,  Gradi  1966,  Hutt  1957, 
Morandini  1961,  Usher  1953).  Climbing  irons 
are  simple  and  easy  to  use  but  with  either  long 

Figure  13. — Climber  with  equipment  for  harvesting 
cones  of  Douglas-fir  (Pseudotsuga  mcnzicsii  (Mirb.) 
Franco) — ladder,  picking  bag,  cone  hook,  safety  belt, 
gloves,  pitch  solvent,  cone  cutter,  bushel  basket, 
bucket,  and  burlap  sacks. 

Figure  14. — Climbing  high  in  the  air  for  cones  of  noble 
fir   (Abies  procera  Rehd.). 

or  short  spurs  they  may  cause  unacceptable 
damage  on  some  species.  Short  spurs  are  not 
particularly  safe  when  the  tree  has  scaly  bark 
(Morandini  1961,  Munger  and  Kachin  1949). 
The  initial  step  in  use  of  a  rope  ladder  or  sev- 

eral other  climbing  assists  involves  shooting 
an  arrow  to  carry  a  light  line  over  a  sturdy 
limb  (Gysel  1960,  Hutt  1957). 

Gaining  entry  into  the  crown  often  solves 
only  part  of  the  accessibility  problem.  In  true 
firs  (Abies)  and  several  other  species,  most  of 
the  cones  are  near  the  top  where  limbs  and 
trunk  are  small.  Safe  techniques  for  collecting 
such  cones  have  been  devised  (Seal  et  al.  1965). 
In  many  species,  much  of  the  crop  is  located  on 
limb  ends  far  away  from  the  trunk.  A  safety 

line,  truck-mounted  ladder,  suspended  bosun's chair,  or  a  net  are  among  means  available  to 
help  the  climber  reach  the  tree  periphery  (Ever- 
sole  1954,  Matusz  1964).  The  tree  net  is  designed 
for  use  primarily  on  long-crowned  trees  of  spe- 

cies with  small  cones  such  as  hemlocks  (Tsuga) 
and  cypresses  (Cupress7(s)  (Hutt  1957,  Seal 
et  al.  1965).  In  seed  orchards,  efforts  are  being 
made  to  shape  the  trees  so  that  harvesting  can 
be  done  with  labor-saving  equipment. 

Fruits  or  cones  are  often  collected  from,  or 
beneath,  tops  and  limbs  of  felled  trees  (Bonner 
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Figure  15. — Reaching  loblolly  pine  (Pinus  taeda  L.) 
cones  in  a  seed  orchard  from  a  basket  on  a  single- 
pole  mounted  boom.  (Georgia  Forestry  Commission 
photo.) 

Figure  16. — Installing  a  sectional  ladder  against  a  long clear  bole. 

1970c).  It  is  important  to  make  certain  that 
seeds  were  sufficiently  mature  when  felling  oc- 

curred. Collection  may  be  necessary  promptly 
after  felling  to  forestall  cone  opening  from  high 
temperatures  or  losses  to  birds  and  mammals. 
Collecting  from  felled  trees  does  not  always 
prove  lucrative ;  in  some  instances,  fruits  or 
cones  shatter  or  scatter,  or  become  deeply  cov- 

ered by  limbs,  tops,  and  foliage. 
Sometimes  limbs,  tops,  or  entire  trees  may  be 

cut  to  collect  their  seed — an  option  that  requires 
approval  by  the  owner  of  the  stand.  Efficiency 
of  seed  collection  can  be  improved  by  removing 
the  seed-bearing  tops  of  spruce  (Picea)  (Slay- 
ton  1969)  and  by  clipping  selected  branches  of 
poplar  (Populus)  (Harder  1970,  Roe  and  Mc- 

Cain 1962).  Maximum  seed  yields  can  be  ob- 
tained where  the  harvest  of  entire  stands 

(Stoeckeler  and  Jones  1957)  or  of  selected  trees 
in  seed  production  areas  is  scheduled  to  coincide 
with  seed  ripening  periods.  Important  but  lim- 

ited collections  from  inaccessible  crowns  are 
sometimes  made  by  shooting  off  laden  limbs  or 
tops  (Briscoe  1969,  Hallman  1971,  Slayton 
1969). 

Squirrels  are  of  invaluable  assistance  in  ob- 
taining cones  cheaply  and  plentifully  from  many 

tree  species  (Maxwell  and  Aldhous  1967,  Schu- 
bert and  Adams  1971,  Stoeckeler  and  Jones 

1957).  In  fact,  a  high  percentage  of  all  cones 
collected  in  western  coniferous  forests  were 
dropped  by  squirrels.  They  begin  cutting  cones 
before  the  crop  is  mature  but  they  harvest  and 
store  most  of  the  cones  in  the  fall  (Schubert 
and  Adams  1971).  Closed  cones  may  be  found 
either  under  the  tree  from  which  they  were  cut 
or  in  nearby  caches.  Favorite  spots  for  caches 
are  small  ground  depressions;  cavities  in  and 
around  logs,  stumps,  roots,  or  rocks;  moist 
seeps  and  still  water;  or  along  banks  of  small 
creeks  and  water  trickles.  A  single  cache  may 
contain  from  a  few  cones  to  many  bushels  and 
may  be  nearly  covered  by  moss,  cone  scales,  or 
other  small  debris.  Collection  from  caches  is 
possible  long  after  natural  seed  dispersal.  Seed 
count  and  maturity  should  be  checked  in 
squirrel-cut  cones. 

The  use  of  squirrel-cut  cones  sometimes  is 
questioned  because  their  source  and  quality  of 
the  crop  tree  may  be  unknown.  This  may  be 
partially  true,  but  the  crop  tree  is  often  readily 
evident  by  the  cones  beneath,  and  its  quality 
can  be  judged.  Even  cached  cones  will  not  have 
been  transported  very  far.  In  a  closed  stand. 
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dominant  and  codominant  trees  produce  most 
of  the  seed  crop  and  the  appearance  of  those 
near  the  cache  indicates  the  quality  of  the 
parent  tree. 

There  is  also  concern  that  removal  of  cones 
deprives  squirrels  of  their  winter  food  supply. 
This  loss  need  not  be  critical  because  squirrels 
usually  cache  far  more  cones  and  seeds  than 
they  can  eat.  Also,  squirrel  diets  include  many 
other  food  items.  Many  cached  cones  are  not 
used  by  the  squirrels  and  probably  only  a  por- 

tion of  the  cached  cones  are  ever  found  by 
collectors. 

Mechanized  Harvesting 
With  more  specific  seed  needs  and  increasing 

labor  costs,  greater  attention  is  being  given  to 
harvesting  tree  and  shrub  seed  by  machine. 
Good  progress  has  been  made,  but  fully  mecha- 

nized harvesting  is  largely  in  the  test  and  eval- 
uation stages. 

Mechanical  tree  shakers,  first  developed  to  re- 
place hand  shaking  of  limbs  and  entire  trees  in 

fruit  and  nut  orchards  (Miller  1960),  have 
proven  successful  for  shaking  fruits  or  cones 
from  several  forest  species  (fig.  17).  Shakers 
are  used  regularly  on  southern  pines  (Chappell 
1968,  Kmecza  1970,  Richardson  1967,  Tietz 
1971)  and  have  been  tested  on  oak  (Quercns), 
Douglas-fir  (Pseudotsuga),  cherry  (Primus), 
ponderosa  pine  {Pinus  ponderosa  Laws.),  true 
firs  (Abies),  Engelmann  spruce  (Picea  engel- 
mannii  Parry),  and  others  (Edwards  1972,  Hall- 
man  1971,  Kmecza  1970,  Tietz  1968).  Many 
cones  are  removed  by  a  few  seconds  of  shaking ; 
but  longer  shaking  breaks  off  pieces  of  tops  and 
limbs.  Correct  timing  and  techniques  must  still 
be  worked  out  for  many  species.  No  harmful 
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Figure  17. — Shaking  trees  of  slash  pine  (Pinus  elliottii 
Engelm.)  with  an  inertia  shaker  to  remove  cones. 

effects  on  slash  pines  were  obtained  during  the 
4  years  following  a  shaking  (McLemore  and 
Chappell  1973).  Effects  on  other  species  need 
evaluation.  Hand-held  models  also  have  been 
tested.  Search  for  a  cone-loosening  agent  to  use 
in  conjunction  with  shaking  is  underway 
(Kmecza  1970). 
Power  shaking  eliminates  climbing,  but  fruit 

or  cones  must  still  be  picked  up  by  hand.  Me- 
chanical collection  systems  are  successful  in 

agricultural  orchards,  and  adaptions  of  such 
systems,  e.g.,  collecting  frames,  sweepers,  and 
powered  canvas,  have  received  limited  trials  in 
tree  seed  orchards  (Tietz  1971).  Several  systems 
appeared  workable  but  each  had  its  limitations. 
Good  ground  preparation  aids  materially  in 
making  mechanized  collection  feasible.  An  eflR- 
cient  system  for  removing  trash  from  cones  is  a 
necessary  part  of  machine  collection. 

Seeds  of  some  shrubs  are  also  harvested  me- 
chanically. Tractor-drawn  seed  strippers  and 

combines  have  been  used  with  some  success  for 
harvesting  winterfat  (Eurotia  lanata  (Pursh) 
Moq.)  and  fourwing  saltbush  (AUHplex  canes- 
cens  (Pursh)  Nutt.)  (Plummer  et  al.  1968). 
Wildland  conditions  severely  limit  use  of  me- 

chanical equipment  but  shrubs  can  be  propa- 
gated for  seed  production  on  gentle  terrain 

where  agricultural  harvesters  can  be  used.  Field 
trials  of  vacuum  harvesting  with  a  vehicle- 
mounted  model  (fig.  18)  and  a  backpack  model 
(fig.  19)  have  shown  promise  for  harvesting 
seeds  of  several  western  shrubs  (USD A  Forest 
Service  1970). 

Several  ways  of  collecting  dispersed  seeds 
have  received  serious  consideration  (Taylor 
1966).  Seeds  have  been  vacuumed  from  the  tree, 
but  needles  and  leaves  came  loose  in  massive 
amounts  (Gradi  1966).  Seeds  also  have  been 
vacuumed  from  the  ground,  along  with  much 
debris.  Bagging  some  or  all  of  a  tree  or  bush 
with  cloth  sheeting  has  been  tried,  and  whole 
orchard  ground  areas  have  been  covered  with 
netting  to  catch  dispersed  seeds.  Black  locust 
(Robviia  psendoacacia  L.)  seeds  accumulated 
from  several  crops  have  been  screened  from 
upper  layers  of  the  soil  (Marjai  1969). 

Care  After  Collection 

To  insure  maintenance  of  seed  lot  identity, 
each  container  of  fruit  must  be  labeled  correctly 
before  transport.  A  weatherproof  label,  or  the 
record  when  lots  are  numbered,  should  show 
the  species  and  variety,  the  geographic  location, 
approximate  elevation,  date  of  collection,  and 
collector's  signature.  Notes  on  the  state,  county, 
seed  zone,  tree  number,  stand  description,  or 
special  notes  about  the  collection  also  are  use- 

ful particularly  for  special-purpose  collections 
(Society  of  American  Foresters  1964).  Identical 
labels  should  be  placed  inside  and  outside  of 
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Figure    18. — Vacuum    harvesting   seed   of   fourwing   saltbush   (Atriplcx  canescens   (Pursh)   Nutt.)  with  the  twin- 
boom,  browse  seed  collector. 

each  container  to  insure  identity  in  case  the 
exterior  label  gets  torn  off. 
When  the  seed  is  to  be  certified,  representa- 

tives of  the  certifying  agency  must  inspect  col- 
lection activities  and  affix  official  labels.  Inspec- 

tion arrangements  need  to  be  made  in  advance, 
and  prescribed  procedures  should  be  followed 
rigorously  (e.g.,  Piesch  and  Phelps  1971). 

A  variety  of  rigid  and  nonrigid  containers 
are  available  for  transporting  fruits.  Cones  are 
sometimes  shipped  in  bulk  but  more  commonly 
in  burlap  bags,  preferably  new  ones  because 
used  bags  often  contain  molds  or  other  con- 

taminants. Bags  may  be  completely  filled  and 
tied  or  sewn  when  cones  ai'e  to  be  in  them  for 
only  a  short  time.  When  temporary  storage  may 
be  involved,  however,  bags  should  be  only  partly 
filled,  with  about  1  bushel  of  cones  in  a  2-bushel 
bag.  In  this  way  space  is  left  for  expansion  of 
scales  as  cones  dry.  Otherwise,  scales  may  ac- 

quire a  set  which  severely  impairs  seed  extrac- 
tion. Bags  having  a  tighter  weave  than  burlap 

may  be  needed  for  small  dry  fruits  or  seeds. 
For  the  many  species  with  normally  dry  seeds, 

containers  of  fresh  fruits  or  cones  must  be  care- 
fully handled  to  prevent  heating  or  development 

of  molds.  Good  aeration  must  be  provided 
through  and  around  containers  (fig.  20).  It  is 
generally  unwise  to  amass  loose  or  bagged  cones 
or  fruit  in  large  piles  and  leave  them  there  for 
several  days  (Martin  1966).  Protection  also 
must  be  provided  from  adverse  weather,  espe- 

cially rain  or  high  temperatures.  Steps  must  be 
taken  to  reduce  losses  to  animals  or  birds  and 

to  prevent  insect  and  disease  infestations.  Wake- 

ley  (1954)  reported  that  beetle  infestations 
sometimes  developed  where  sacks  of  southern 
pine  cones  were  stored  on  the  ground. 

Fruits  of  some  species  must  be  kept  moist  to 
maintain  viability  of  their  seeds.  They  must  be 
gathered  before  injurious  drying  occurs  and  be 
kept  adequately  cool  and  moist  during  subse- 

quent transport  and  provisional  storage.  Poly- 

FiGURE  19. — Backpack  model  of  vacuum  harvester  being 
used  to  collect  seed  of  rubber  rabbitbush  (Chryso- 
thamnus  nauseosus   (Pall.)   Britt.). 
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Figure  20. — Good  aeration  is  insured  by  provisional 
storage  of  bagged  cones  on  portable  drying  racks. 
The  label  on  each  bag  includes  all  information  neces- 

sary to  define  the  seed  lot. 

ethylene  bags  are  suitable  for  maintaining  mois- 
ture content  of  some  species  (Kriebel  1955)  but 

are  not  recommended  for  others  (Aldhous 
1972).  Heating  or  molding  can  best  be  prevented 
by  minimizing  the  time  between  collection  and 
processing. 

Fruits  may  be  transported  directly  to  a  proc- 
essing plant  in  some  situations;  but  interim  as- 

sembly in  the  field  at  a  local  buying  station  or 
other  point  is  often  necessary  to  accumulate 
quantities  large  enough  for  shipment.  Handling 
at  assembly  points  may  involve  cleaning  and  in- 

spection (Anonymous  1967),  measurement  to 
pay  for  the  fruits  or  cones  collected,  consolidat- 

ing into  like  lots,  interim  drying  and  storage, 
and  perhaps  partial  processing  to  reduce  bulk 
or  weight.  Sometimes  fruits  or  cones  are  sun- 
dried  and  only  dry  uncleaned  seeds  are  for- 

warded to  the  main  extractory.  Large  highway 
transport  is  often  used  to  move  containers  of 
fruits  or  cones  from  assembly  point  to  extrac- 

tion point. 

PROCESSING 

Fruits  are  processed  to  extract  and  prepare 
their  seeds  for  storage  and  intended  use.  This 
may  require  getting  rid  of  extraneous  dirt  and 
debris,  freeing  seed  from  physical  or  physio- 

logical encumbrances,  reducing  bulk  and  weight, 
eliminating  damaged  and  empty  seeds,  attain- 

ing and  maintaining  proper  moisture  content, 
and  applying  needed  protective  treatments. 
Seeds  of  some  species  need  little  processing, 
those  of  most  species  can  benefit  from  process- 

ing or  require  it.  Maximum  production  of  clean 
seed  having  high  viability  is  the  end  objective. 

Fruits  of  many  species  may  be  processed  by 
hand  or  with  simple  equipment  at  any  conven- 

ient location.  To  gain  the  benefits  of  greater 
mechanization  yet  avoid  crop  transport,  port- 

able processing  plants  have  been  tried  (Moran- 
dini  1961).  Large  quantities  are  processed  most 
efficiently  at  central  plants  where  specialized 
machinery  is  available. 

Modern  extractories  represent  a  large  invest- 
ment for  a  short,  intermittent  operation.  Good 

care  and  adjustment  of  extraction  and  cleaning 
machinery  are  essential.  Safe  practices  and  good 
housekeeping  need  to  be  emphasized.  Processing 
often  produces  flammable  dust,  resin,  or  debris, 
so  smoking  should  be  banned.  Moist  processing 
can  result  in  slippery  floors  and  electrical  haz- 

ards. Fireproof  construction,  dust  collectors, 
good  containment  of  processed  material,  and  ap- 

proved safety  devices  are  essential  plant  design. 
Processing  methods  have  been  designed  for 

each  of  three  general  types  of  fruits — for  cones, 
for  fleshy  fruits,  and  for  dry  fruits.  Methods 
for  processing  cones  and  fleshy  fruits  differ 
greatly  from  techniques  commonly  used  for 
agricultural  grains. 

Cones 
Seeds  of  most  cones  are  obtained  by  drying 

cones  to  open  them,  shaking  seeds  out,  separat- 
ing seeds  from  cone  scales  and  debris,  loosening 

seed  wings,  and  finally  separating  clean  full 
seeds  from  wings,  dust,  empty  seeds,  and  other 
small  particles. 

Sacks  or  bins  of  cones  should  be  unloaded  as 
soon  as  they  arrive  at  the  extractory  since  they 
will  have  been  closely  stacked  during  transport. 
Immediate  aeration  is  urgently  needed  when 
cones  are  wet  or  very  green.  Depending  on  the 
processing  techniques  used,  sacks  of  cones  may 
be  emptied,  loosely  refilled,  and  placed  on  stor- 

age racks  (fig.  21)  ;  or  the  cones  may  be  spread 
in  trays,  on  a  storage  floor,  or  on  the  ground. 
For  precuring,  cones  may  be  spread  in  layers 
several  cones  deep,  but  aeration  and  expansion 
are  more  restricted  with  increasing  depth.  In 
filling  and  stacking  trays,  allowance  must  be 
made  for  a  two-  or  three-fold  expansion  of  cones 
as  they  open.  For  best  aeration  and  uniform 
curing  and  opening,  a  layer  one  cone  deep  is 
recommended. 

Some  extractories  find  it  advantageous  to 
run  closed  cones  over  sorting  tables  or  screens 
to  remove  foliage  and  debris  before  cones  open. 
On  freshly  picked  cones  of  many  species,  pitch 
is  soft  and  sticky.  After  drying,  chunks  of  pitch 
become  loose  and  are  difficult  to  remove  from 
extracted  seed.  At  least  one  company  dries 
Douglas-fir  (Psendotsuga)  cones  sufficiently  to 
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Figure  21. — Cones  racked  for  drying  in  an  open-sided 
shed.  (Washington  State  Department  of  Natural 
Resources  photo.) 

congeal  the  pitch,  then  wets  and  tumbles  the 
closed  cones  to  remove  both  dirt  and  pitch. 

Generally,  cones  arrive  at  the  extractory 
faster  than  they  can  be  processed.  Thus,  sacked 
or  trayed  cones  are  often  stored  and  air-dried 
for  lengthy  periods.  Such  precuring  requires 
substantial  space  and  adequate  facilities  to  pro- 

tect cones  from  adverse  weather  and  predation 
by  rodents  and  birds.  Precuring  is  advantageous 
for  species  that  require  afterripening  (Moran- 
dini  1961,  Rediske  1968,  Wakeley  1954).  Pre- 

curing also  reduces  later  kiln-drying  time  and 
cost.  But  improper  storage  can  create  prob- 

lems. Where  ventilation  is  insufficient,  cones 
will  heat  and  become  mouldy  and  their  seeds  will 
lose  viability  (Cobb  1959,  Rediske  and  Shea 
1965).  Confined  cones  may  assume  a  set  as  they 
dry  which  restricts  release  of  seed  (Kummel 
et  al.  1944).  Prolonged  cone  storage  of  some 
species,  30  days  or  longer,  may  adversely  affect 
seed  viabilitv  (Huuri  1965,  McLemore  1961a, 
Rediske  1961). 

Sacked  or  trayed  cones  may  be  precured  in 
open  sheds  or  enclosed  buildings.  Aeration  of 
enclosed  structures  is  provided  by  adjustable 
vents  or  louvers  low  on  the  sides  and  high  on 
the  roof.  Modern  structures  have  concrete  floors 
and  wide  central  passageways  to  permit  forklift 
stacking  and  transport  of  trays  or  pallets. 
Screening  against  rodents  and  birds  is  often 
necessary.  Equally  good  aeration  and  protection 
should  be  provided  when  precuring  small  lots 
of  cones  in  a  garage,  shop,  or  shed. 

Storage  of  cones  at  temperatures  near  freez- 
ing has  been  recommended  for  one  species 

(Rediske  1968,  Rediske  and  Shea  1965),  but 
subfreezing  temperatures  proved  unfavorable 
for  cone  storage  of  another  (Solin  1970). 

Given  good  drying  conditions,  cones  of  most 
conifers  will  open  readily.  However,  serotinous 
cones  of  several  pines  (Pinus)  require  pretreat- 

ment  (Part  2)  and  high  heat,  up  to  170°  F. 
(Rietz  1941).  Where  weather  is  wai-m  and  dry 
during  the  extraction  period,  cones  will  open 
fully  without  artificial  heat.  In  such  localities, 
precuring  is  unnecessary.  As  they  are  received, 
cones  are  spread  on  the  ground  or  in  trays  for 
drying  in  the  open  air.  Under  very  warm,  low 
humidity  conditions,  very  moist  cones  might 
require  shading  to  allow  sufficient  time  drying 
for  beneficial  afterripening  of  seeds.  Drying 
without  direct  exposure  to  sun  is  preferred  for 
true  firs  (Abies)  (Morandini  1961).  Even  in 
localities  with  generally  unfavorable  drying 
conditions,  temperatures  and  humidities  at- 

tained in  attics,  lofts,  and  other  covered  areas 
without  direct  heat  are  sufficient  to  open  cones. 
While  drying  either  indoors  or  outdoors,  regular 
turning  or  stirring  of  cones  is  generally  bene- 

ficial, particularly  if  cones  are  lying  on  a  solid 
surface  or  in  a  confining  space.  Cones  and  seeds 
must  be  protected  from  rodents  and  birds. 

Kiln-drying  is  used  wherever  natural  drying 
conditions  are  not  favorable  for  opening  large 
quantities  of  cones.  Small  quantities  may  be 
dried  in  heated  rooms  or  glasshouses.  Kiln- 
drying  of  a  batch  may  require  a  few  hours  to 
several  days,  depending  on  the  species,  the  heat- 

ing and  ventilating  system,  the  humidity  of  in- 
coming air,  and  the  initial  moisture  content  of 

the  cones. 
Cone  kilns  range  in  size  from  small  cabinets 

to  large  buildings  (Hutt  1957,  Machanicek  1966, 
McLemore  1961b,  Rietz  1941).  They  have  in 
common  a  source  of  heat,  a  means  of  controlling 
movement  of  heated  air  by  convection  or  forced 
draft,  and  some  tray,  shelf,  or  other  system  for 
exposing  cones  to  the  moving  air.  Kiln  controls 
may  be  simple  and  hand-operated  or  complex 
and  automated.  Some  kilns  also  have  sensitive 
humidity  controls. 

Kilns  can  be  classed  into  two  major  cate- 
gories, progressive  (fig.  22)  and  rotating  (fig. 

23).  (Morandini  1961).  In  progressive  kilns, 
loaded  trays  are  repositioned  at  timely  intervals 
to  expose  cones  to  increasingly  warmer  air  as 
they  drv.  When  fully  open,  cones  are  removed 
from  the  kiln.  In  rotating  kilns,  a  batch  of 
cones  is  loaded  into  and  dried  within  a  drum 
which  is  programed  to  rotate  continuously  or 
intermittently  (Despatch  Oven  Company  1971, 
Morandini  1961).  Temperature  and  humidity  of 
warm  air  forced  into  the  drum  are  regulated. 
Modern  rotating  kilns  have  electronic  controls 
and  operating  capabilities  as  exacting  as  for 
kiln-drying  lumber,  but  their  control  capability 
is  not  now  fully  used  since  optimum  schedules 
have  yet  to  be  determined  for  many  species. 
A  batch  drying  operation  is  generally  favored 
since  operation  of  continuous  flow  extractories 
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is  hampered  by  the  variable  drying  requirements 
of  individual  lots  and  the  need  for  accurately 
maintaining  lot  identity. 

Kilns  are  generally  operated  at  temperatures 
between  90°  and  140°  F.  (Aldhous  1972).  Cones 
with  high  moisture  content  should  be  started  at 
low  temperatures  and  may  be  subjected  to  suc- 

cessively higher  temperatures  as  drying  pro- 
ceeds. If  initial  temperatures  are  too  high,  seeds 

may  be  injured  or  cone  scales  may  caseharden 
and  open  no  further  (Kummel  et  al.  1944).  In- 

terrupted drying  may  also  cause  casehardening 
(Morandini  1961).  Moistening  of  scales  with 
water  or  steam,  or  actual  soaking  of  the  cone, 
will  generally  relieve  the  condition  (Stoeckeler 
and  Jones  1957).  Although  studies  have  shown 

that  final  drying  at  130°  F.  or  above  may  not 
be  damaging  (e.g.,  Morris  1936),  current  trends 
are  to  dry  cones  of  many  species  more  slowly,  at 

constant  temperatures  under  110°  F.  (Cobb 1959). 
Small  lots  of  cones  can  readily  be  dried  by 

improvised  means  in  a  well-vented  laboratory 
oven  with  circulating  fan,  over  a  hot-air  regis- 

ter or  radiator,  or  similar  location.  Wherever 
cones  are  dried,  stringent  fire  precautions  are 
necessary  since  dust,  pitch,  and  dry  cone  ma- 

terials are  highly  flammable. 
Tumbling  to  shake  out  the  seeds  should  follow 

immediately  after  trays  of  cones  are  removed 
from  a  progressive  kiln.  In  some  kilns,  cones 
are  tumbled  from  tray  to  tray  or  from  one  mov- 

ing belt  to  another  whi'e  drying  (Morandini 
1961).  In  rotating  kilns  (fig.  22)  seeds  fall  out 
as  cones  open.  Generally,  loose  seeds  drop 
through  perforations  in  the  drum  and  are 
shortly  conveyed  from  the  heated  kiln. 

Tumblers  of  many  sizes  and  shapes  have  been 
used  for  shaking  out  seeds.  Basically,  a  tumbler 

Figure  22. — Cart  of  trays  in  entry  tunnel  of  progres- 
sive cone-drying  kiln. 

Figure  23. — Rotating  kiln  with  discharge  end  open  to 
show  drum;  control  panel  is  on  the  left. 

is  a  rectangular  or  round  container  mounted 
horizontally  on  its  long  axis  which  turns  at  slow 
speed  (fig.  24).  As  it  turns,  cones  tumble  about; 
interior  baffles  often  accentuate  the  jarring  and 
tumbling  action.  Seeds  fall  from  open  cones 
through  the  high-strength  wire  mesh  compris- 

ing the  sides  of  the  tumbler  into  a  hopper  or 
onto  a  moving  belt.  Most  tumblers  are  of  local 
manufacture  (Wakeley  1954,  Willcocks  1970) ; 
even  laboratory-size  models  are  now  motor- 
driven  (Harris  1970),  and  many  permit  variable 
speed  operation.  Small  quantities  of  cones  may 
be  tumbled  in  batches.  In  large-scale  continuous 
operation,  the  tumbler  axis  can  be  inclined  to 
regulate  rate  of  cone  movement  through  the 
tumbler  toward  a  hopper  or  moving  belt  that 
carries  empty  cones  away  for  disposal. 

Several  ways  of  separating  seeds  from  cones 
have  been  tested  that  do  not  require  precuring, 
drying,  and  tumbling.  By  one  method,  ponderosa 
pine  (Pinvs  ponderosa  Laws.)  cones  were  frag- 

mented in  a  hammer  mill  and  separated  from  the 
seeds  in  a  cleaner  (Miller  and  Lemmon  1943). 
In  another  method,  pine  (Finns)  cones  were 
macerated  in  a  heavy-duty  blender.   Good  re- 

112 



V.     HARVESTING,  PROCESSING  AND  STORAGE 

suits  were  claimed  for  both  methods,  but  neither 
has  received  thorough  investigation  nor  wide 
use. 

Seeds  coming  from  the  tumbler  must  be  sep- 
arated from  a  mixture  of  cone  fragments,  hard- 

ened pitch,  foliage,  dust,  and  other  debris. 
Standard  or  modified  air-screen  cleaners  do  the 
job  effectively  (Harmond  et  al.  1968,  Wilson 
1968b).  An  upper  perforated,  oscillating  screen 
shunts  off,  i.e.,  scalps,  fragments  and  debris 
larger  than  the  seeds,  and  a  lower  screen  passes, 
i.e.,  grades,  material  smaller  than  the  seeds.  An 
airstream  blows  out  chaff,  empty  seeds,  or  other 
material  the  same  size  but  lighter  than  full 
seeds.  One  of  the  more  common  brands  in  use  is 
the  Clipper,  ranging  from  laboratory  model  on 
up  (fig.  25).  By  using  screens  of  various  mesh, 
tree  seeds  of  many  sizes  can  be  physically  sep- 

arated from  intermixed  material  that  is  dis- 
tinctly larger  or  smaller  than  the  winged  seeds. 

Similar  techniques  can  be  employed  to  hand- 
clean  small  quantities  of  seed  with  the  aid  of 
hardware  cloth  and  window  screen  of  different 
mesh. 

Although  some  are  loosened  during  tumbling 
and  preliminary  cleaning,  wings  must  be  re- 

moved from  many  conifer  seeds.  Wings  of  most 
pines  (Pinus)  separate  readily  from  their  seeds, 
but  for  many  hardwood  species  dewinging  re- 

quires actual  breaking  of  the  wing.  Wings  are 
small  or  impractical  to  remove  from  seeds  in 
several  genera,  e.g.,  arborvitaes  (Thuja),  white- 
cedars  (Chamaecuparis) ,  cypresses  (Cupres- 
sns) :  in  a  few  genera,  wings  cannot  be  removed 
without  impairing  seed  viability,  e.g.,  incense- 
cedar  (Lihocedrus). 

Figure  24. — Enclosed  cone  tumbler  and  dust  collector 
piping  in  modern  extractory.  Seed-laden  cones  travel 
up  conveyor  on  the  right,  and  leave  empty  through 
inclined  funnel  on  left.  Seed  is  conveyed  to  air-screen 
cleaner  directly  under  the  tumbler. 

Figure  25. — Air-screen  cleaners  are   used  to  separate 
seed  from  larger,  smaller,  and  lighter  materials. 

Seeds  are  dewinged  by  a  variety  of  rubbing 
methods  (Morandini  1961,  Stoeckeler  and  Jones 
1957,  Wakeley  1954).  Wings  can  be  removed 
from  small  quantities  by  rubbing  seeds  between 
the  hands  or  against  a  screen  or  roughened  sur- 

face. The  same  principle  is  employed  for  larger 
quantities  by  gently  tumbling  dry  or  wetted 
seeds  in  a  rotating  container  such  as  a  cement 
mixer,  by  rubbing  them  with  rotating  brushes 
or  knobs,  or  by  repeated  vacuuming.  Seeds  are 
also  dewinged  by  the  rotating  rubber  fingers  of 
a  machine  used  for  removing  chicken  feathers, 
or  by  running  wetted  seeds  through  a  macerator. 

Loosened  wings,  small  particles,  and  dust  are 
removed  from  good  seed  in  final  cleaning.  An  air- 
screen  cleaner  or  aspirator  is  used  in  large-scale 
operations.  Several  laboratory  methods  have 
been  devised  for  precise  cleaning  of  small  lots 
by  air  (Hergert  et  al.  1966,  Silen  1964,  Woollard 
and  Silen  1973),  by  inclined  belt  (Hergert  et  al. 
1971),  or  by  flotation  in  various  liquids  (Barnett 
and  McLemore  1970).  Clean  seeds  may  be  run 
repeatedly  over  gravity  separators  to  attain  the 
desired  separation  of  light,  medium,  and  heavy 
seed  (fig.  26).  They  may  also  be  separated  by 
size  during  cleaning  or  gravity  separation. 

Fleshy  Fruits 
Fleshy  fruits  include  the  berries,  drupes, 

pomes,  and  those  with  seeds  enclosed  in  a  fleshy 
aril  as  in  Ta.riis.  Processing  involves  macerating 
the  flesh,  separating  the  seeds  with  copious  use 
of  water,  drying,  and  cleaning.  Processing 
should  be  started  soon  after  collection  to  avoid 
damaging  fermentation.  Moist  fruits  and  those 
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Figure  26. — Using  gravity  separator  to  separate  light 
from  heavy  southern  pine  seeds. 

crushed  in  handling  are  most  apt  to  ferment. 
When  some  storage  is  unavoidable,  fleshy  fruits 
should  be  spread  in  thin  layers  on  the  floor  of  a 
cool,  well-ventilated  room  or  shed  and  stirred 
frequently  to  prevent  heating  or  molding.  Short 
periods  of  storage  may  serve  to  break  down  the 
flesh  through  decomposition  or  the  action  of  in- 

sects such  as  fruitflies  (Rhagoletis  spp.). 
Oscillating  screens  or  vibrators  are  most  com- 

monly used  for  removing  twigs,  leaves,  and 
other  debris  from  among  fleshy  fruits  (Moran- 
dini  1961).  Such  material  can  also  be  removed 
by  flotation. 

Seeds  of  species  with  thin  fleshy  coverings 
are  sometimes  dried  and  planted  with  skins  in- 

tact. After  initial  cleaning  or  washing,  such 
fruits  may  be  spread  out  on  sheeting  or  in  trays 
and  dried  in  the  sun  or  in  a  warm  room.  Occa- 

sional stirring  or  turning  is  helpful. 
Flesh  may  be  loosened  by  hand,  simple  equip- 

ment, improvised  devices,  or  specially  designed 
cleaning  machines.  The  choice  of  method  will 
depend  upon  the  kind  and  quantity  of  fruit  to 
be  cleaned  and  the  labor  and  equipment  avail- 
able. 

Small  lots  of  fruit  are  usually  macerated  by 
hand.  The  flesh  is  hand  squeezed,  or  mashed  by 
a  wooden  block,  rolling  pin,  or  fruitpress.  Alter- 

natively, flesh  may  be  macerated  by  rubbing  it 

against  or  through  a  screen.  If  screens  are 
superimposed  with  the  lowest  one  of  a  mesh 
sufficiently  small  to  contain  the  seeds,  a  stream 
of  water  can  be  used  simultaneously  to  carry 
pulp  away. 

Small-seeded  fleshy  fruits  can  be  processed 
speedily  by  use  of  an  electric  mixer  or  blender 
(Morrow  et  al.  1954).  To  minimize  injury,  the 
steel  blades  of  the  blender  may  be  replaced  by 
a  li/o-inch  square  of  tire  casing.  Fresh  berries 
or  other  fruits  are  covered  with  water,  and  the 
mixture  is  stirred  for  15  to  45  seconds  or  more, 
as  required.  Dried  or  partially  dried  berries 
should  be  soaked  in  water  prior  to  such  stirring. 

Seeds  may  be  washed  free  of  flesh  hydrauli- 
cally.  Fruit  is  placed  in  a  mesh  bag  or  wire 
basket  and  subjected  to  a  stream  of  water  from 
a  high-pressure  nozzle  until  all  of  the  flesh  and 
most  of  the  skins  are  washed  away.  This  method 
is  especially  suitable  for  thin-coated  fruits  such 
as  grapes  (Vitis),  but  also  works  well  with  large 
fruits  such  as  plums  and  apricots  (Prunus) 
(Weinberger  1972). 

Machines  suitable  for  processing  large  quan- 
tities of  fleshy  fruits  include  feed  grinders,  con- 
crete mixers,  hammer  mills,  and  macerators 

(Bergh  1949,  USDA  Forest  Service  1948).  Most 
machines  only  free  seeds  from  the  flesh;  a  part 
or  all  of  the  residue  must  be  removed  in  later 
cleaning. 

A  macerator  used  for  many  years  has  a  re- 
volving head  with  teeth  and  concaves  similar  to 

those  of  a  threshing  machine  (fig.  27).  By  ad- 

FiGURE  27. — Macerating  fleshy  fruits  with  Forest  Serv- ice macerator. 
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justing  clearance  between  macerating  plates  and 
varying  the  speed,  it  can  be  used  to  either  ma- 

cerate fleshy  fruits  or  thresh  dry  fruits  of  many 
species.  In  macerating  fleshy-fruited  species, 
water  is  added  through  a  hose  attachment  to 
flush  pulp  and  seed  through  the  discharge  open- 
ing. 

Another  apparatus,  designed  for  freeing  black 
cherry  (Prunns  serotiua  Ehrh.)  seeds,  employs 
a  stationary  cylinder  with  a  roughened  interior 
(Dorn  and  Flick  1969).  Revolving  paddles 
abrade  the  flesh,  and  a  stream  of  water  washes 
most  of  the  pulp  through  numerous  holes  in 
walls  of  the  5-gallon  cylinder. 

A  Dybvig  separator,  now  widely  used,  pulps 
the  flesh  and  fully  cleans  the  seeds  in  one  op- 

eration. Similar  to  a  large  blender,  the  machine 
consists  of  a  plate  spinning  at  the  bottom  of  a 
seed  hopper  (fig.  28).  The  adjustable  flanged 
plate  is  set  to  leave  an  opening  just  smaller  than 
the  size  of  the  seed  to  be  cleaned  and  rotated  at 
various  speeds.  Action  of  fruit  against  the  plate 
and  adjacent  fruit  removes  the  flesh,  which  is 
washed  out  of  the  machine  through  the  clear- 

ance around  the  plate  by  a  stream  of  water, 
leaving  clean  seed  in  the  hopper.  Performance 
of  this  separator  is  excellent  except  for  species 
with  very  small  seeds. 

Maceration  of  some  fleshy  fruits,  e.g.,  pears 
rP?/r?f.s),  mulberries  (Morns),  and  Osage-orange 
(Machira),  is  facilitated  by  a  preliminary  crush- 

ing and  a  soak  in  water.  This  interim  step  is 
also  recommended  for  the  small  fruits  of  Coton- 
easfer,  Juuipcrxs,  and  VibHrnnm  species  (Hart- 
mann  and  Kester  1968).  The  fermentation  com- 

monly attending  such  soaking  should  be  held  to 
a  minimum. 

Following  maceration,  loosened  seeds  must  be 
separated  from  the  pulp.  Small  quantities  of 
pulp  may  be  passed  through  two  screens  in 
series :  one  with  a  mesh  large  enough  to  pass 
the  seeds,  the  second  with  mesh  small  enough 
to  hold  them  (USDA  Forest  Service  1948). 

Seeds  of  most  fleshy  fruits  may  be  separated 
effectively  by  flotation  in  water.  A  simple  tech- 

nique is  based  on  variation  in  buoyance  under 
agitation  (Engstrom  and  Stoeckeler  1941). 
Empty  seeds  and  fine  debris  either  float,  or  sink 
more  slowly  than  full  seeds.  Macerated  material 
is  placed  in  a  slightly  tilted  washtub,  and  a 
stream  of  water  from  a  hose  is  directed  at  the 
angle  necessary  to  create  a  rotary  swirl  and 
lifting  effect.  Pulp  and  light  seeds  will  float  to 
the  surface  and  spill  over  the  edge  of  the  con- 

tainer as  the  water  overflows.  Slight  stirring  of 
material  in  the  bottom  of  the  tub  is  required. 
Similar  flotation  methods  are  used  to  separate 
poor  from  good  seeds  that  have  no  flesh  such  as 
those  of  the  oaks  (Quercus)  (Olson  1957). 

After  separation,  wet  seed  must  be  surface 
dried  or  fully  dried  on  tarpaulins  or  trays  in  the 
sun  or  indoors.  In  humid  climates,  a  short  period 
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Figure  28. — -Top  view  of  the  Dybvig  separator.  Flesh 
abraded  by  a  flanged  spinner  plate  is  washed  away 
and  cleaned  seeds  are  retained.  Clearance  around  the 
adjustable  plate  is  set  smaller  than  the  seed  to  be 
cleaned. 

in  a  kiln  may  be  necessary.  Final  cleaning  is 
desirable  before  storage.  Air-screen  cleaners, 
often  slightly  modified,  are  used  to  screen  or 
blow  away  I'emaining  impurities  and  empty seeds. 

Dry  Fruits 
Some  fruits  of  this  group  are  collected  when 

fully  dry,  e.g.,  maples  (Acer)  and  ashes  (Fraxi- 
vus).  They  may  require  cleaning  but  little  else 
prior  to  storage.  Other  dry  fruits  may  require 
drying  and  one  or  more  additional  processing 
steps.  Dust  masks  need  to  be  worn  when  process- 

ing dry  seeds  of  many  species,  particularly  those 
releasing  fine  hairs,  e.g.,  sycamores  (Platanus) , 
which  might  be  breathed  into  the  lungs. 

Air-drying  is  generally  adequate  for  seeds  of 
dry  fruits.  In  dry  climates,  spreading  fruit  in 
thin  layers  outdoors  on  canvas  or  plastic  .sheet- 

ing is  fast  and  economical.  In  moist  climates, 
seed  must  be  aired  for  a  longer  period  in  a 
well-ventilated  structure.  Whether  outside  or 
under  cover,  fruits  should  be  spread  thinly  to 
insure  good  aeration.  Fruits  of  species  like  pea- 
shrubs  (Caragaua) ,  which  naturally  expel  their 
seeds  when  dry,  require  covering.  A  single  layer 
of  cheesecloth  is  rsually  adequate;  screened 
containers  might  be  constructed  for  repeated 
use.  Wind  dispersal  of  drying  seeds  and  losses 
to  birds  and  small  animals  must  be  prevented. 
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Extraction  of  dry  seeds  may  involve  removal 
of  seeds  from  pod  or  capsule,  partial  or  complete 
separation  of  seed  from  husk,  removal  of  wings 
or  appendages,  or  merely  fragmentation  of  a 
fruit  cluster  to  facilitate  handling  and  sowing. 
Husks  are  easily  removed  from  achenes  of  bit- 
terbrush  (Pvrshia).  Where  the  outer  and  inner 
coverings  are  tightly  coalesced  as  in  the  achenes 
of  apacheplume  (Fallugia) ,  cliff  rose  (Coivania) , 
and  mahoganies  (Cercocarpus) ;  only  plumes 
(styles)  are  removed  and  the  rest  is  planted  as 
the  "seed."  Only  the  wings  are  removed  from  in- durated or  hardened  utricles  of  saltbushes 
(Atriplex).  When  soft  and  loose  as  those  for 
hopsages  (Grayia) ,  the  entire  utricle  can  be  re- 

moved if  desired.  Samaras  may  be  used  intact 
or  with  wings  broken.  In  maples  (Acer),  double 
samaras  can  be  separated.  Flailing  or  shaking 
of  small  lots  may  be  enough  to  release  most 
seeds  of  many  dry  fruits  for  cleaning. 

Hammer  mills  are  highly  adaptable  for  ex- 
traction of  seed  from  dry  fruits.  Obtainable  in 

various  sizes,  they  are  essentially  a  hooded  inlet 
or  hopper,  a  central  chamber  containing  a  series 
of  hammers  which  rotate  about  a  central  shaft, 
and  removable  outlet  screens  of  different  mesh 
(fig.  29).  The  outlet  screen  must  have  holes 
large  enough  to  let  seeds  pass  through  without 
damage.  Fruits  are  fed  into  the  mill  contin- 

uously during  separation.  Care  must  be  taken  to 
operate  hammer  mills  at  comparatively  low 
speeds,  250  to  800  r.p.m.,  to  avoid  injury  to 
the  seeds. 

The  Dybvig  separator  (fig.  28)  is  also  highly 
efficient  on  dry  fruits.  The  macerator  (fig.  27) 
is  somewhat  less  efficient  but  still  very  satis- 
factory. 

Seeds  of  bitterbrush  (Purshia),  ephedra 
(Ephedra),  and  Utah  serviceberry  (Amelan- 
chier  ntaheusis  Koehne)  can  be  loosened  readily 
from  their  fruit  walls  in  a  seed  dewinger.  For 
best  results,  a  piece  of  corded  rubber  belting 
should  be  wrapped  over  the  brush  roller.  Ferti- 

lizer di.stributors  and  centrifugal  disks,  as  well 
as  hammer  mills,  are  used  to  extract  seeds  of 
sycamores  (Platanus)  (Briscoe  1969).  A  ver- 

satile drum-type  machine  has  been  described 
for  extracting  poplar  (Populus)  seeds  as  well  as 
seeds  of  other  species  from  pods,  seedballs.  ber- 

ries, and  drupes;  it  dewings  both  conifer  and 
hardwood  seeds  (Sergeenkov  1968). 

Seeds  of  dry  fruits  may  be  hand-cleaned  satis- 
factorily by  running  them  through  screens. 

However,  air-screen  cleaners  usually  give  better 
and  more  uniform  results  (fig.  25). 

A  variety  of  specialized  techniques  have  been 
developed  for  processing  dry  fruits  posing  difl^- 
cult  or  distinctive  separation  and  cleaning  prob- 

lems. Cotton  attached  to  seeds  of  poplar  (Pop- 
v.lvs)  may  be  vacuumed  from  capsules  as  they 
open  on  cut  branches.   Cleaning  is  then  done 

Figure  29. — Extracting  seeds  from  dry  fruits  in  a  ham- 
mer mill  with  attached  blower  and  dispensing  funnel. 

efficiently  by  passing  an  airstream  through  a 
container  and  sieve  system  to  blow  seeds  out  of 
the  cotton  and  entrap  them  (Harder  1970,  Roe 
and  McCain  1962).  Husks  of  black  walnut  (Jtig- 
lans  nigra  L.)  and  other  nuts  may  be  left  on 
(Olson  1957),  removed  in  a  corn  sheller  (USD A 
Forest  Service  1948),  or  literally  beaten  off  by 
chains  fastened  to  the  central  axis  of  a  spiral 
drum  (Churchwell  1966).  Filled  and  empty 
winged  samaras  of  sugar  maple  (Acer  sac- 
charxm  Marsh.)  can  be  separated  by  their  flota- 

tion characteristics  in  pentane  (Carl  and 
Yawney  1969).  Yellow-poplar  {Liriodendron 
tulipifera  L.)  lots  can  be  upgraded  by  dewinging 
seed  in  a  debearder  followed  by  cleaning  and 
separating  in  a  fractionating  aspirator  or  grav- 

ity separator  (Bonner  and  Switzer  1971). 

Quality  Control 
Every  extractory  should  have  a  well-planned 

system  for  maintaining  identity  and  integrity 
of  lots  throughout  processing.  The  system  should 
insure  that  every  container  of  fruits  or  seeds 
is  correctly  labeled  at  all  times,  labels  are  care- 

fully checked  immediately  before  container  con- 
tents are  poured  out,  machines  and  transfer 

belts  are  either  self-cleaning  or  receive  careful 
cleaning  between  lots,  and  spillage  of  one  lot 
into  another  is  prevented.  Plants  processing 
certified  seed  must  adhere  to  the  labeling  and 
inventory  control  procedures  required  by  the 
certifying  agency. 
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Incorrect  processing  can  impair  or  destroy 
seed  viability.  Seeds  that  require  continuous 
high-moisture  content  may  be  desiccated  prior  to 
processing  or  while  being  surface-dried.  Green 
cones  may  be  heated  excessively  or  too  fast  in 
the  kiln,  or  seed  may  remain  too  long  in  high 
heat.  Such  events  can  seriously  impair  seed 
viability  (Morris  1936,  Rietz  1939).  Viability  in 
storage  may  be  reduced  when  certain  liquids 
are  used  to  separate  seeds  by  flotation  (Barnett 
1971). 
Many  of  the  current  separation  and  cleaning 

techniques  subject  seed  to  severe  tumbling,  beat- 
ing, or  crushing  actions.  Seeds  with  very  hard 

seedcoats  may  not  be  afl'ected  by  such  treatment. 
Indeed,  some  benefit  from  the  scarification  or 
cracking  received.  Rut  rough  processing  reduces 
seed  viability  of  most  species  (Allen  1958,  May 
1959).  A  series  of  visibly  nondamaging  blows 
has  an  additive  effect — viability  is  destroyed  if 
a  seed  receives  too  many  sublethal  blows  (Allen 
1958).  Storability  and  future  performance  of 
damaged  seed  are  more  uncertain  than  for  un- 

damaged seed  (Allen  1958,  Stein  1966). 

Seed  is  live  plant  material  and  must  be  proc- 
essed as  gently  as  possible.  Rules  for  minimizing 

damage  include: 

Handle  bags  or  containers  of  fruits  and  seeds  gently. 

Leave  drying  seed  in  heated  air  only  the  minimum 
length  of  time  necessary.  Use  the  lowest  air  tem- 

perature sufficient  to  accomplish  the  job.  When  kilns 
become  too  warm,  an  alarm  should  ring. 

Operate  extraction  and  cleaning  machinery  at  the 
minimum  velocity  required  and  subject  seed  to  the 
processing  for  the  minimum  length  of  time  neces- 
sary. 

Use  equipment  that  prevents  loose  seed  from  being 
struck  by  tumbling  cones. 

Prevent  sharp  impacts  in  air,  belt,  or  vacuum  trans- 
port of  seed. 

Monitor  processing  to  confirm  proper  operation  of 
machines.  Give  dewingers  special  attention  to  in- 

sure proper  speed  and  tensions  for  minimum-dam- 
age operation.  Resin  released  from  damaged  true 

fir  (Abies)  seed  lowers  its  viability  (Gunia  and 
Simak  1970). 

In  commercial  processing  of  seed,  a  balance 
must  be  struck  between  seed  quality  and  quan- 

tity. For  example,  prolonged  tumbling  will  ex- 
tract most  of  the  seeds  from  cones — perhaps 

more  than  desirable  because  those  from  the  top 
and  base  of  the  cone  will  be  the  last  dislodged 
and  are  generally  not  as  good  as  those  from  the 
center.  An  added  cleaning  load  may  be  the  net 
result  of  lengthy  tumbling.  Use  of  fine  mesh 
screens  in  the  cleaner  might  insure  maximum 
seed  recovery,  but  small  seeds  sometimes  have 
practical  shortcomings  (Griflin  1972).  When 
adjusting  air  settings,  it  is  possible  either  to 
retain  too  much  trash  or  to  blow  out  too  much 

good  seed.  Thus,  at  each  processing  step,  de- 
cisions must  be  made,  regarding  proper  machine 

operation  for  producing  maximum  amount  of  ac- 
ceptably pure  and  full  seed.  Cutting  tests  are 

generally  made  to  check  quality  of  seed  clean- 
ing. Recently,  X-ray  equipment  has  been 

adapted  for  more  exacting  quality  control  dur- 
ing processing  (Rediske  1968). 

Several  sophisticated  separation  and  cleaning 
techniques  used  in  agriculture  may  be  suitable 
for  improved,  more  gentle  cleaning  of  tree  and 
shrub  seeds  (Harmond  et  al.  1968,  Vaughn  et  al. 
1967).  Other  new  methods  and  techniques  may 
be  developed.  Seedsmen  or  nurserymen  should 
be  contacted  for  latest  information  on  process- 

ing practices  and  new  equipment. 

STORAGE 

The  key  purpose  for  storing  tree  and  shrub 
seed  is  to  have  a  viable  supply  whenever  it  may 
be  needed.  Seeds  of  most  species  must  be  stored 
for  weeks  or  months  between  time  of  collection 

and  next  year's  sowing.  Long-term  storage  in- 
sures that  seed  is  available  to  bridge  the  gap 

between  intermittent  seed  crops.  Although  spe- 
cies difi'er  markedly  in  their  storage  require- 

ments the  same  factors  are  involved  for  all. 

Factors  Influencing  Storage 
Many  factors  influence  longevity  of  seeds  in 

storage  including  type  of  seed,  stage  of  ma- 
turity, prestorage  treatment,  viability  and  mois- 

ture content  when  stored,  air  temperature, 

humidity  and  oxygen  pressure  during  stoi-age, 
and  degree  of  infection  by  fungi  and  bacteria. 
Although  the  interrelationships  among  factors 
are  complex,  a  few  generalizations  provide  a 
guide  for  sustaining  seed  viability  (Holmes  and 
Buszewicz  1958,  Roberts  1972)  : 

Fully  ripened  seeds  will  retain  viability  longer 
than  seeds  collected  when  immature. 

Seeds  of  high  initial  viability  will  store  better  than 
those  with  low  initial  viability. 

Seeds  with  hard,  impermeable  seedcoats  will  retain 
viability  longer  than  those  with  soft,  permeable 
seedcoats. 

Undamaged  seed  will  retain  viability  better  in 
storage  than  seed  physically  damaged  during  col- 

lection or  processing. 

At  low  moisture  content  or  low  temperature,  the 
adverse  activities  of  insects  and  diseases  are  effec- 

tively slowed  or  stopped. 

Fluctuations  in  temperature  or  moisture  are  less 
favorable  than  constant  conditions. 

For  many  species,  the  lower  the  temperature  and 
the  lower  the  seed  moisture  content,  the  longer  the 
period  of  viability. 

Given  seed  that  is  mature,  highly  viable,  and 
undamaged,  its  life  span  will  hinge  primarily 
on  species  characteristics  and  the  temperature 
and  humidity  conditions  prevailing  during  stor- 

age. Obviously,  lots  known  to  contain  damaged, 
immature,  or  low  viability  seed  should  be  sched- 
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uled  for  earliest  use  and  the  best  seed  should 
be  retained  for  long-term  storage. 

Moisture  content  of  seeds  in  storage  will 
equilibrate  to  a  level  determined  by  relative 
humidity  and  temperature  of  the  surrounding 
air.  For  example,  fresh  longleaf  pine  seed 
(Pinus  pahistris  Mill.)  will  attain  a  moisture 

content  of  10  percent  if  stored  at  35°  F.  and 
38  percent  relative  humidity  and  the  same  mois- 

ture content  if  stored  at  77°  F.  and  59  percent 
humidity  (Wakeley  1954).  In  sycamore  (Plata- 
mis  occidentalis  L.),  10.5  percent  seed  moisture 
content  is  reached  at  77°  F.  and  57  percent 
relative  humidity  (Bonner  1971).  Only  a  limited 
amount  of  information  has  been  developed  on 
moisture  content  equilibria  for  tree  and  shrub 
seeds.  More  should  be  learned,  for  this  approach 
may  clarify,  unify,  and  give  more  flexibility  to 
fragmentary  empirical  information  on  storage 
for  many  species.  The  rule  of  thumb  applied  to 
agricultural  seeds — that  conditions  for  long- 
term  storage  are  good  if  the  sum  of  the  degrees 
F.  and  percent  relative  humidity  is  100  or  less 
(James  1967) — probably  also  applies  to  tree 
and  shrub  seeds.  At  the  National  Seed  Storage 
Laboratory,  seeds  of  many  different  plants  are 
stored  in  screw-tight  containers  at  40°  F.  and 
32  percent  relative  humidity. 

Preparation  For  Storage 
Seeds  of  many  species  are  ready  for  viability 

testing  and  storage  as  soon  as  they  are  cleaned. 
For  others,  preparatory  steps  such  as  drying 
or  fumigation  are  often  necessary. 

Quality  of  seed  should  be  determined  when 
it  is  paced  in  storage.  Germination  test  results 
provide  information  about  the  present  quality 
and  an  indication  of  longevity  of  the  seed  lot 
(Chapter  VII).  Results  of  initial  tests  also  set 

the  standard  by  which  to  judge  the  lot's  per- 
formance in  storage.  In  long-term  storage,  seed 

should  be  retested  every  year  or  two.  The  in- 
formation provided  by  such  periodic  tests  deter- 

mines the  future  disposition  of  each  lot. 
Despite  natural  drying  or  that  received  dur- 

ing processing,  seeds  of  many  hardwoods  and 
conifers  require  final  drying  prior  to  storage. 
In  many  parts  of  the  United  States,  air-drying 
will  not  reduce  moisture  content  sufficiently. 
Even  if  dried  su..ciently  during  extraction, 
seeds  may  reabsorb  moisture  from  a  humid  at- 

mosphere in  any  interim  period  prior  to  storage 
under  controlled  conditions. 

Drying  may  be  necessary  to  prevent  heating 
as  well  as  to  attain  recommended  storage  mois- 

ture levels.  If  seed  with  moisture  content  above 
18  to  20  percent  is  stored  in  bulk  at  normal 
temperatures,  multiplication  of  microorganisms 
and  heating  may  occur  in  a  few  hours  (Harring- 

ton 1963,  Hartmann  and  Kester  1968).  Little  or 
no  growth  of  microorganisms  occurs  in  seed 

with  moisture  content  below  12  percent.  Insects 
are  usually  killed  during  seed  drying  at  tempera- 

tures above  104°  to  108°  F.  (Holmes  and  Bus- 
zewicz  1958)  and  are  prevented  from  reproduc- 

ing in  seed  stored  at  moisture  contents  below 
9  percent  (Harrington  1963). 

Seeds  can  be  harmed  by  overdrying  (Barton 
1935),  but  the  critically  low  moisture  level 
where  damage  occurs  has  not  been  determined 
for  most  species.  One  of  the  lowest  nondamag- 
ing  values  reported  was  0.6  percent  moisture 
content  for  seeds  of  paper  birch  (Betula  papyri- 
fera  Marsh.)  (Holmes  and  Buszewicz  1958). 
Recommended  seed  moisture  content  for  storage 
of  individual  species  or  genera  is  given  in  Part 
2.  These  moisture  contents  for  most  species  are 
between  5  and  12  percent. 

A  measurement  of  moisture  content  before 
putting  seed  in  storage  is  preferable  to  an 
empirical  estimate.  Seed  moisture  content  can 
be  determined  quickly  with  an  electronic  mois- 

ture meter  when  calibration  charts  applicable 
to  the  species  are  available  (Hart  and  (^olumbic 
1966).  Otherwise,  ovendrying  methods  may  be 
necessary  (Chapter  VII). 

Insects  and  fungi  are  usually  held  in  check 
by  dry,  near-freezing,  or  subfreezing  storage  of 
seed,  but  in  moist  storage  at  cool  temperatures, 
prestorage  fumigation  or  other  treatment  may 
be  necessary  (Holmes  and  Buszewicz  1958).  For 
example,  seeds  of  oaks  (Quercus)  are  fumigated 
with  serafume  or  other  chemicals,  or  heated  in 
warm  water,  for  control  of  weevils  (Belcher 
1966,  Olson  1957).  Gases,  dusts,  and  sprays  are 
also  available  for  control  of  pathogens  but 
should  be  used  sparingly  or  seed  germination 
may  be  affected.  Often,  seeds  treated  with 
rodent  repellent  must  be  held  in  storage  for  a 
time  after  treatment  (McLemore  and  Barnett 
1966).  State  or  Federal  pesticide  authorities 
should  be  consulted  for  chemicals  that  are  reg- 

istered for  control  of  specific  insects,  diseases, 
and  rodents. 

Dry  Storage 
Dry  seeds  of  many  species  can  withstand  a 

few  weeks  or  months  of  storage  at  room  tem- 
peratures or  a  longer  period  at  cool  tempera- 

tures without  adverse  effect  even  though  tem- 
perature for  their  maximum  long-term  storage 

must  be  below  freezing. 

Thus,  length  of  storage  and  level  of  tempera- 
ture and  humidity  control  needed  are  prime  con- 

siderations when  choosing  among  dry  storage 
options.  Temperatures  are  controlled  by  storage 
location  or  refrigeration.  Seed  moisture  content 
is  controlled  by  storing  properly  dried  seed  in 
tightly  closed  containers  or  by  regulating  hu- 

midity in  the  storage  area.  So  far,  control  of 
moisture  content  in  tree  and  shrub  seed  has  been 
attained  largely  by  putting  dried  seed  in  closed 
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containers  whereas  much  agricultural  seed  is 
kept  in  dehumified  storage  rooms. 

Storing  dry  seeds  in  piles,  sacks,  or  open  con- 
tainers in  a  warehouse  or  shed  is  one  of  the 

oldest,  simplest,  and  most  economical  storage 
methods.  It  works  best  in  cool  climates  with 
naturally  low  humidities.  Warehouse  storage 
can  also  be  used  in  humid  climates  by  storing 
dry  seed  in  airtight  containers  or  by  regulating 
humidity  in  the  storage  facility  (James  1967). 
Adequate  ventilation  around  seed  containers  is 
required,  and  normal  precautions  must  be  taken 
to  protect  stored  seed  from  rodents  and  birds. 

A  few  months  of  warehouse  storage  in  open 
or  tightly  closed  containers  are  quite  satisfac- 

tory for  seed  of  many  genera — e.g.,  ArbuUis, 
Betnla,  Pinus,  Psendotsufia,  Tstu/a.  Seeds  with 
hard  impermeable  coats,  including  those  of 
Atriplex,  Caraf/aiia,  Cecuwthns,  Purshia,  and 
Robinia,  can  be  stored  under  these  conditions 
for  periods  up  to  10  years  or  more. 

Dry  seeds  of  numerous  trees  and  shrubs  store 
well  at  cool,  above-freezing  temperatures.  Hu- 

midity may  be  sufficiently  low  to  permit  open 
storage,  but  more  often,  proper  moisture  con- 

tent must  be  maintained  by  use  of  tightly  closed 
containers  or  regulated  humidities.  Some  genera 
with  species  whose  seeds  have  stored  well  for 
several  years  or  more  at  temperatures  between 

32°  and  41°  F.  include  Cupj-essus,  Libocedrus, 
PiuKS,  Pseudotsiicio,  and  Sequoia  (Barnett  and 
McLemore  1970,  Schubert  1954). 

Subfreezing  temperatures  are  optimum  for 
the  long-term  dry  storage  of  many  species  of 
tree  and  shrub  seeds  (Barton  1961).  Tempei^a- 
tures  slightly  below  freezing  may  be  sufficient, 
but  viability  has  generally  been  retained  better 

when  seeds  were  stored  at  0°  F.  (Barnett  and 
McLemore  1970,  Schubert  and  Adams  1971). 
Many  conifer  and  some  hardwood  seeds  are 
stored  routinely  at  0  F.  (Part  2).  It  has  been 
shown  experimentally  that  dry  tree  seeds  can 
tolerate  extremely  cold  temperatures  without 

injury,  down  to  —320°  F.  (Engstrom  1966), 
but  such  low  temperatures  are  not  practical  for 
storage. 

Seeds  are  kept  in  both  open  and  closed  stor- 
age at  subfreezing  temperatures.  Little  has  been 

reported  about  humidity  conditions  and  mois- 
ture equilibria  reached  by  seeds  in  open  storage. 

It  has  been  demonstrated  that  viability  of  seeds 
which  benefit  from  subfreezing  storage  will  be 
reduced  if  placed  in  long-term  storage  at  too 
high  moisture  content  (Barnett  and  McLemore 
1970,  Barton  1954).  But  such  seeds  can  tolerate 
higher  moisture  content  in  subfreezing  storage 
than  in  cool,  above-freezing  storage  (Barnett 
and  McLemore  1970,  Barton  1954). 

Seeds  that  require  sustained  high  moisture 
content  between  time  of  ripening  and  germina- 

tion are  stored  moist.  Normally  such  seeds  are 

short-lived  and  are  stored  for  only  short  periods 
or  overwinter,  but  techniques  have  been  devised 
for  extending  the  storage  period  to  2  years  or 
more  (Holmes  and  Buszewicz  1958).  The  basic 
requirements  for  successful  moist  storage  are 
good  ventilation  to  prevent  heating,  mainte- 

nance of  equable  and  high  moisture  content,  and 
moderately  low  temperatures  to  control  molds 
and  premature  germination.  Seeds  of  beech 
(Fafnis),  buckeye  (Aesculus),  chestnut  (Cas- 
tanea),  filbert  (Coryhis),  hickory  (Carya),  oak 
(Querciis),  walnut  (Jnglans),  yew  (Taxus), 
and  others  require  cool,  moist  storage. 

Seeds  requiring  high  moisture  can  be  stored 
through  the  winter  months  in  cool,  moist,  out- 

door conditions  on  or  in  the  ground  (Chapter 

VI,  fig.  7).  They  can  also  be  spread  out  un- 
covered in  storage  sheds  or  houses  and  turned 

at  regular  intervals  (Aldhous  1972).  Several 
techniques  have  been  developed  too  for  holding 
small-seeded  species  overwinter  in  moist  stor- 

age (Aldhous  1972,  Alpar  1969).  Seeds  stored 
outdoors  are  kept  moist  by  rain  and  snow;  but 
under  cover,  moistening  at  intervals  may  be 
necessary.  For  best  and  most  uniform  moisture 
conditions,  the  seeds  are  either  mixed  with  a 
moist  medium  or  enclosed  in  screen  or  cloth 
netting  and  placed  in  alternate  layers  with  sand, 
peat,  or  other  moisture-holding  material.  Such 
layering  serves  dual  purposes — -storage  and 
the  preconditioning  required  for  germination 
(Chapter  VI). 

Storage  at  uncontrolled  temperatures  is  cheap 
and  simple  but  has  several  weather-related 
drawbacks.  In  a  dry  winter,  moisture  supply 
may  prove  scanty.  If  snow  is  scarce,  seed  stored 
above  ground  may  be  subject  to  desiccation  or 
extremely  cold  temperatures.  Covering  seeds 
with  leaves,  straw,  soil,  or  other  materials  can 
help  moderate  fluctuating  weather  conditions. 
However,  an  unseasonal  warm  spell  may  trigger 
premature  germination,  or  rising  temperatures 
near  the  end  of  the  storage  period  may  bring 
on  germination  before  seed  can  be  sown. 

The  best  storage  conditions  for  high  moisture 
content  seeds  are  afforded  by  the  controlled 
temperatures  in  refrigerators,  walk-in  coolers, 
or  refrigerated  storage  buildings.  Seed  mois- 

ture content  is  maintained  at  high  levels  by 
storing  the  seed  in  a  moist  medium,  by  con- 

trolling relative  humidity  of  the  air  in  the 
storage  chamber,  or  by  placing  the  seeds  in 
moi.sture-retaining  containers.  In  open  storage, 
seeds  may  require  periodic  watering.  Drainage 
should  be  provided  for  any  excess  water  which 
may  accumulate  in  the  storage  container. 

Recommended  storage  temperatures  vary  by 

species  in  the  I'ange  from  32°  to  50°  F.  with 
those  under  41°  F.  best  (Hartmann  and  Kester 
1968,  Holmes  and  Buszewicz  1958,  Magini 
1962).   Moisture  requirements  also  vary.   For 
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example,  the  moisture  content  of  oak  (Quercus) 
acorns  should  be  kept  above  30  percent  of  dry 
weight  (Korstian  1927),  for  beech  (Fagus) 
nuts  above  11  to  17  percent  (Holmes  and  Bus- 
zev^^icz  1958).  Moisture-requiring  seeds  should 
not  be  stored  in  containers  v^hich  limit  oxygen 
supply. 

Seeds  requiring  moisture  are  sometimes 
stored  expediently  in  running  water.  Stagnant 
water  does  not  provide  sufficient  aeration.  Moist 
seeds  of  a  few  species  have  been  stored  success- 

fully at  subfreezing  temperatures  (Holmes  and 
Buszewicz  1958). 

Special  Methods 

Various  other  storage  methods  have  been 
tested  with  promising  results,  but  their  cost, 
difficulty  of  application,  or  other  problems  have 
precluded  widespread  use.  It  is  important,  how- 

ever, to  recognize  their  availability  and  po- 
tential for  solving  storage  problems.  Storage  of 

Uhn.Hs,  some  Pimis,  and  Populus  seeds  under 
partial  vacuum  extended  their  period  of  viabil- 

ity (Barton  1935,  1961).  Storage  in  such  inert 
gases  as  nitrogen  appears  to  have  possibilities 
(Magini  1962).  Replacement  of  oxygen  by  car- 

bon dioxide  within  the  storage  container  has 
proven  useful  for  storage  of  Allium  but  did  not 
prove  useful  for  Fagus  or  Quercus  seeds  (Hol- 

mes and  Buszewicz  1958).  Sealing  closed  con- 
tainers with  wax  or  paraffin  can  improve  stor- 

ability  under  certain  conditions.  A  similar 
treatment  involves  coating  seeds  of  large-seeded 
species  with  paraffin  or  latex  to  maintain  their 
moisture  content  during  storage  and  shipment 
(Baldwin  1955,  Magini  1962). 

Storage  Containers 
Many  kinds  of  containers  are  used  to  store 

tree  and  shrub  seeds.  They  include  burlap  and 
tight-weave  cloth  sacks,  fiberboard  or  metal 
drums,  metal  or  glass  carboys,  metal  cans  of 
various  sizes  and  shapes,  polyethylene  bags, 
paper-  and  aluminum-foil-lined  packets,  and 
many  others.  Several  different  containers  are 
suitable  for  every  species  and  every  storage 
method. 

Choice  of  container  revolves  primarily  around 
degree  of  sealing  required.  In  much  of  the  pub- 

lished seed  literature,  sealing  is  a  loosely  used 
term.  Some  authors  mean  complete  closure,  e.g., 
vacuum  packing  in  tin  or  glass,  or  sealing  with 
paraffin,  but  other  equate  sealing  with  reason- 

ably tight  but  not  airtight  closure  of  the  con- 
tainer. By  definition  airtight  means  imperme- 

able to  air;  i.e.,  sealed.  Contradictions  in  some 
reported  results  stem  from  the  various  usages 
of  these  terms. 
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Most  large-scale  storage  of  seed  is  done  in 
tightly  closed  containers.  Such  containers  slow 
but  do  not  entirely  stop  gas  exchange  between 
contents  of  the  container  and  the  air  within 

the  storage  facility.  Obviously,  the  more  con- 
trast there  is  between  inside  and  outside,  the 

greater  the  need  for  minimizing  exchange. 
Other  factors  that  should  be  considered  when 
choosing  the  best  storage  container  for  a  given 
use  include: 

When  seed  requires  further  drying  in  storage,  do 
not  use  a  tight-closing  container  because  enclosing 
excess  moisture  is  harmful  to  the  seed  (Barton 1961). 

Use  a  tight-closing  container  if  gain  in  seed  mois- 
ture content  can  be  damaging  and  relative  humidity 

in  the  storage  facility  is  high. 

Containers  and  seed  can  quickly  gather  unwanted 
condensation  when  brought  out  of  cool  or  subfreez- 

ing storage.  Warming  to  room  temperature  is  rec- 
ommended before  opening  a  container  brought  out 

of  such  storage. 

Four  to  10  mil  polyethylene  bags  will  exclude  or 
retain  moisture,  but  still  allow  exchange  of  oxygen 
and  carbon  dioxide  with  air  outside.  Such  exchange 
may  be  beneficial  or  harmful,  depending  on  species. 

A  container  that  is  easy  to  open  and  close  is  desira- 
ble when  quantities  of  seed  are  likely  to  be  added 

or  removed  repeatedly.  Open  only  when  necessary 
to  minimize  temperature  and  relative  humidity 
fluctuations.  Alternately,  store  seed  in  small  con- 

tainers, so  that  the  entire  contents  can  be  stored 
or  emptied  at  once. 

Fill  containers  completely  to  insure  minimum  ex- 
change of  moisture  between  the  seed  and  the  en- 

trapped air. 

When  seed  moisture  content  or  relative  humidity  is 
high,  the  container  must  be  made  of  moisture  resist- 

ant material. 

When  seeds  are  fragile  and  easily  damaged,  a 
rigid-walled  container  should  be  used.  Moisture- 
proof  plastic  bags  are  often  used  as  liners  for  rigid 
containers. 

Choose  a  container  shape  and  stacking  arrangement 
which  facilitates  uniform  temperature  and  aera- 

tion throughout  the  storage  facility. 

Some  containers  may  be  made  of  substances  that 
are  harmful  to  tree  and  shrub  seeds  (Barton  1954). 
Unproven  containers  should  be  tested  for  toxicity. 

The  method  of  storage  selected  provides  the 
gross  storage  conditions.  A  wise  choice  of  con- 

tainer insures  maximum  benefit  from  those  con- 
ditions where  it  counts  most,  immediately 

around  the  seed. 

For  special  purposes,  moisture  content  within 
a  tightly  closed  seed  container  can  be  maintained 
with  silica  gel  beads,  charcoal,  or  various  chem- 

ical solutions  (Chapter  IV).  Care  is  necessary 
in  using  any  chemical  for  regulating  humidity 
and  seed  moisture  content  since  the  material 
may  directly  aifect  the  seeds  or  cause  excessive 
reduction  in  moisture  content  (Barton  1935, 
Flemion  1931). 
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Shipping  Containers 
Without  proper  care,  vitality  can  easily  be 

impaired  or  lost  in  the  interval  between  storage 
and  sowing.  Maintenance  of  storage  conditions 
during  transit  would  be  ideal,  but  often  not 
possible.  Reasonable  alternatives  can  generally 
be  employed,  however,  to  get  seed  to  its  desti- 

nation in  good  condition. 

High  and  fluctuating  temperatures  and  ad- 
verse humidity  are  the  chief  causes  of  viability 

losses  during  shipment.  Proper  packaging  can 
overcome  most,  if  not  all,  moisture  problems 
and  will  also  help  moderate  exposure  to  tem- 

perature extremes.  Moisture  content  of  dry 
seeds  can  be  maintained  by  sealing  them  in 
plastic,  foil,  or  moisture-resistant  kraft  bags  or 
in  rigid  containers  such  as  vials,  plastic  bottles, 
or  tins.  Seeds  requiring  high  moisture  should 
be  well  mixed  in  moistened  fine  sphagnum  moss, 
peat,  or  sawdust  and  placed  in  water-resistant 
containers.  A  mixture  of  equal  weights  of  dry 
packing  material  and  water  will  provide  ade- 

quate moisture  (Baldwin  1955).  For  some  spe- 
cies, a  chemical  germination  inhibitor  may  be 

added  to  the  moistened  medium  (Barton  1961). 
Large,  moist  seeds  can  be  sealed  individually 

with  pai'affin  or  latex — one  method  for  doing 
so  is  detailed  by  Baldwin  (1955).  During  cool 
weather,  some  nuts  can  withstand  surface  dry- 

ing and  open  shipment  in  boxes  or  sacks. 

Packaging  selected  for  a  seed  shipment  de- 
pends on  the  quantity  to  be  shipped,  time  in 

transit,  mode  of  transport,  and  expected 
weather  conditions.  Helpful  practices  include: 

Double-wrap  the  seed.  Enclose  the  seed  container 
in  a  sturdy,  preferably  rigid,  outer  container. 

Small  or  moderate  size  containers  generally  with- 
stand shipment  better  than  large  containers. 

Fill  containers  completely  to  minimize  air  content 
and  jostling  of  seeds  during  shipment. 

All  packages  should  bear  a  good  identifying  label 
on  the  innermost  covering  and  another  one  within 
the  container. 

For  long  distances,  shipment  of  sensitive  seeds  by 
air  is  desirable.  Hermetically  sealed  containers  may 
explode  at  high  altitudes. 

Seed  packages  should  permit  ready  opening  and  re- 
closing  if  destined  for  export  to  a  country  requiring 
fumigation. 

With  adequate  packaging  and  carefully 
planned  shipment,  most  lots  should  arrive  at 
their  destination  in  good  condition.  It  is  wise  to 
send  adequate  instructions  on  postshipment  care 
with  each  lot. 

Seed  Longevity 
Natural  longevity  varies  greatly  for  seeds  of 

different  species.  Seeds  have  been  classified  into 
three  broad  classes  according  to  their  life  span 
under  favorable  conditions :  microbiotic  seeds 
with  a  life  span  of  3  years  or  less,  mesobiotic 

seeds  with  a  span  of  3  to  15  years,  and  macro- 
biotic seeds  which  retain  viability  from  15  to 

more  than  100  years  (Crocker  1953).  Seeds  of 
many  conifers  and  hardwoods  are  in  the  micro- 

biotic group.  Seeds  of  elm  (Uhnus),  poplar 
(Popidus),  and  willow  (Sali.r)  are  viable  in  na- 

ture for  only  a  few  weeks  or  months.  Pines 
(Piiif(s)  with  serotinous  cones  span  the  meso- 

biotic range  and  more.  Seeds  in  the  family 
Leguminosae,  which  includes  acacia  (Acacia), 
silktree  (Albizia),  and  broom  (Cytisus),  are 
among  the  longest  lived.  Seeds  of  the  arctic 
tundra  lupine  ( Lupin iis  arcticus  Wats.)  recov- 

ered from  buried  lemming  burrows  appear  to 
hold  the  longevity  record ;  they  readily  produced 
plants  when  at  least  10,000  years  old  (Porsild 
et  al.  1967). 

Under  regulated  storage  conditions  provided 
by  man,  longevity  of  many  tree  and  shrub  seeds 
can  be  extended  more  than  tenfold.  For  example, 
the  viability  of  naturally  dispersed  seed  of 
spruces  (Picea)  and  many  pines  (Pinus)  nor- 

mally extends  into  the  next  growing  season, 
occasionally  into  the  second  growing  season. 
Under  subfreezing  storage,  seed  viability  of 
these  same  species  can  easily  be  maintained  at 
high  levels  for  10  years  or  longer  (Barton 
1961).  Storage  period  can  be  remarkably  ex- 

tended even  for  seeds  of  fleeting  viability  or 
high  moisture  content.  Ordinarily,  elm  (Uhnus) 
seeds  remain  viable  only  a  few  weeks,  but  at  3 

percent  moisture  content  and  25°  F.  high  viabil- 
ity has  been  maintained  for  15  years  (Barton 

1961).  Oak  (Quercus)  seeds  requiring  sustained 
high  moisture  content  normally  retain  viability 
overwinter.  When  stored  at  39"  F.  in  sealed 
polyethylene  bags,  acorn  viability  was  main- 

tained for  21/)  years  (Bonner  1970b). 
It  is  abundantly  clear  that  man  has  or  can 

extend  the  seed  longevity  of  every  species.  Not- 
able extensions  of  seed  longevity  have  already 

been  demonstrated.  In  most  instances,  the  maxi- 
mum potential  for  maintaining  original  seed 

viability,  or  still  longer  maintenance  of  good 
but  declining  viability,  has  not  yet  been  deter- 

mined. Under  optimum  storage  conditions,  seed 
viability  of  some  species  might  be  maintained 
indefinitely.  Storage  for  decades  is  ordinarily 
not  needed  for  production  purposes  but  may  be 
vital  in  breeding  programs.  To  support  such 
programs,  seed  viability  has  to  be  kept  unim- 

paired for  many  years  and  the  mutagenic  efl'ects of  aging  forestalled  (Robbins  1957).  Much  still 
needs  to  be  learned  about  the  interaction  of  seed 
aging  and  storage  condition. 
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Chapter  VI 

PRESOWING  TREATMENT  OF 
SEED  TO  SPEED  GERMINATION 

by  F.  T.  Bonner,!  g  p  McLemore,i  and  J.  P.  Barnett  ̂  

Delayed  germination,  which  results  from  var- 
ious types  of  seed  dormancy  (Chapter  I),  can  be 

a  serious  problem  to  the  nurseryman.  While 
irregular  germination  over  a  1-  to  3-year  period 
may  aid  natural  reproduction,  its  occurrence  in 
the  nursery  bed  leads  to  irregular  stocking  of 
different  ages  and  sizes.  Furthermore,  bed  space 
may  be  tied  up  for  an  extra  year  while  all  the 
seeds  germinate ;  thus  production  costs  rise. 

'  Southern  Forest  Exp.  Stn. 

f~
 

SCARlFltD     2- 

JSOAKEO   IN   CON 

iHgSO^    FOR    1 

HOURS 

CENTRATEO 

\ 

/ 

^' 

i! 

ii 

1 

i    : 

SOAKED    IN    SOILING    WATER-       1 

f — 
r 

r 

1   / 

NO   PRETREATM 

ENT 

/ 
0  10  20  30  40  50  60 

DAYS    IN    GERMINATION    ROOM       (68'F.  NIGHT.  TO  86'F. DAY) 

Figure  1. — Effect  of  several  presowing  treatments  on 
germination  of  black  locust  (Robinia  pseudoacacia), 
a  hard-seeded  species. 

Delayed  germination  of  dormant  seed  can  also 
seriously  hamper  a  direct-seeding  operation.  It 
increases  the  time  sown  seed  is  exposed  to 
predators  and  adverse  weather  conditions,  thus 
reducing  the  chances  of  success. 

All  the  presowing  treatments  described  in 
this  chapter  are  designed  to  speed  germination. 
Some  treatments  are  designed  primarily  for 
species  with  impermeable  seedcoats  (commonly 
called  hard-seeded),  and  their  purpose  is  mainly 
to  soften  or  rupture  the  seedcoat  to  allow  faster 
water  uptake  and  gas  exchange.  This  type  of 
treatment  is  very  effective  for  some  species 
(fig.  1). 

Other  treatments,  including  stratification,  are 
designed  primarily  to  counter  the  effects  of  in- 

ternal dormancy.  All  physiological  processes 
that  take  place  as  a  result  of  these  treatments 
are  not  known,  but  germination  can  be  de- 

cidedly hastened  in  many  cases  of  internal  dor- 
mancy (fig.  2). 

20  30  40 

TEST  PERIOD  (DAYS) 

60 

Figure  2. — Benefits  of  cold  stratification  for  speeding 
germination  of  loblolly  pine  (Pinus  taeda). 
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Effective  treatments  for  seeds  of  many  woody 
plants  are  given  by  species  in  the  second  part  of 
this  manual.  For  any  species  not  included,  ex- 

ploratory tests  should  be  undertaken  to  choose  a 
suitable  presowing  treatment. 

QUICK  TREATMENTS  FOR 
HARD  SEEDCOATS 

For  hard-seeded  species,  several  treatments 
will  attack  the  coat  quickly  and  effectively.  Once 
the  coat  is  made  permeable,  germination  of  most 
species  proceeds  under  a  favorable  environment. 
Most  Leguminosae  have  seeds  with  an  imper- 

meable covering,  as  do  some  species  of  the 
families  bumelia  (Sapotaceae),  huckleberry 
(Ericaceae),  buckthorn  (Rhamnaceae),  sumac 
(Anacardiaceae),  and  soapberry  (Sapindaceae). 

Acid  Scarification 

A  common  method  of  treating  impermeable 
seedcoats  is  to  soak  the  seeds  in  concentrated 

sulfuric  acid.  Some  hard-seeded  species  for 
which  sulfuric  acid  has  been  applied  are  the 
acacias,  redbud,  yellowwood,  Russian  olive, 
honeylocust,  sumacs,  black  locust,  western  soap- 

berry, and  basswood  (Heit  1967a,  1967b). 

Materials  and  equipment  required  are  as  fol- 
lows: commercial  grade  (specific  gravity  1.84, 

95  percent  pure)  sulfuric  acid;  acid-resistant 
containers  (thick  plastic  preferred)  ;  wire  con- 

tainers and  screens  for  handling,  draining,  and 
washing  the  seeds ;  an  abundant  supply  of  run- 

ning water;  a  safe  place  to  drain  the  dilute  acid 
resulting  from  rinsing  the  seeds;  and  facilities 
for  drying  the  seeds  after  rinsing. 

Safety  precautions  are  a  must!  All  workmen 
must  understand  and  obey  safety  precautions 
in  the  use  of  acid.  Seeds,  containers,  implements, 
and  the  acid  itself  must  be  handled  with  great 
care  to  avoid  injury.  Water  must  not  be  splashed 
into  the  acid,  as  a  violent  reaction  will  occur.  All 
workmen  should  wear  suitable  safety  clothing, 
gloves,  and  goggles  or  other  eye  protection. 

Toughness  of  the  seedcoat  varies  between  lots 
and  even  between  individual  trees  in  most  spe- 

cies. The  optimum  period  of  immersion  in  acid 
for  each  lot  may  be  determined  by  treating  a 
small  sample  for  different  periods  and  then 
soaking  the  lots  in  water  at  room  temperature 
for  1  to  5  days  (depending  on  species).  The 
treatment  period  that  yields  a  high  percentage 
of  swollen  seeds  (by  water  uptake)  without 
visible  injury  is  the  right  one.  Most  species  re- 

quire only  15  to  60  minutes  in  acid;  some,  e.g., 
Kentucky  coffeetree,  need  2  hours.  Some  sumacs 
may  require  up  to  6  hours  of  treatment  (Heit 
1967b).  Oversoaking  may  pit  the  seed  and  even 
expose  the  endosperm.  Insufficient  soaking 
leaves  the  seedcoats  of  most  species  glossy ;  coats 

of  correctly  treated  seeds  are  dull,  but  not 
deeply  pitted. 

If  tests  reveal  small  differences  between  lots, 
then  all  may  be  lumped  together  for  treatment, 
unless  there  are  other  reasons  for  keeping  them 
separate  (such  as  seed  source  distinctions). 
Large  differences  between  lots  should  occasion 
separate  treatment. 

The  steps  in  acid  treatment  are  as  follows : 

1.  Allow  seeds  to  come  to  air  temperature.  If  they 
have  been  removed  from  cold  storage,  do  not 
open  the  container  until  temperature  equilibrium 
is  reached.  Moisture  will  form  on  cold  seeds  ex- 

posed to  warm  moist  air,  and  this  moisture  can 
react  with  acid  to  raise  temperature  to  the 
danger  point. 

2.  Thoroughly  mix  seeds  to  be  treated  as  one  lot. 

3.  Immerse  seeds  in  the  acid  for  the  required  pe- 
riod, making  sure  that  all  are  covered.  Treat- 
ment should  be  carried  out  at  65°  to  80°  F., 

preferable  on  the  upper  end  of  the  range  (Heit 
1967a).  Lower  temperatures  require  longer  soak- 

ing times  than  do  higher  temperatures.  Careful 
stirring  will  reduce  the  length  of  treatment necessary. 

4.  Remove  seeds  from  the  acid  and  wash  them 
promptly  and  thoroughly  in  cool,  running  water 
for  5  to  10  minutes  to  remove  all  traces  of  acid. 
Water  should  be  applied  copiously  at  the  start, 
and  the  seeds  stirred  carefully  during  rinsing. 
One  tvpe  of  rinsing  trough  is  pictured  in  figure 
3. 

5.  Spread  the  seeds  in  a  thin  layer  for  drying,  un- 
less wet  sowing  is  preferred. 

Fifty-pound  lots  can  be  treated  in  screen-wire 
cylinders  (reinforced  with  heavier  wire)  that 
can  be  lowered  into  the  acid  (fig.  4).  In  this  way, 
most  of  the  acid  is  retained  for  reuse.  After  a 
short  draining  period,  the  seed  should  be 
washed.  Extra  care  must  be  taken  in  large-scale 
treatments  to  avoid  excessive  temperatures  that 
can  damage  seeds. 

Figure   3. — A   rinsing  trough   for  washing  acid   from 
treated  seeds. 
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Figure  4. — One  apparatus  for  treating  large   lots  of 
seed  with  acid. 

Another  way  to  scarify  with  acid  is  to  place 
the  seeds  in  a  conical  pile  on  a  flat  surface  and 
pour  sulfuric  acid  over  them  at  a  rate  of  1  quart 
to  80  pounds  of  seeds.  The  acid  should  be  dis- 

tributed evenly  by  turning  the  pile  over  and  over 
with  a  shovel.  After  the  desired  treatment  pe- 

riod, the  seeds  should  be  washed  as  usual.  This 
method  has  been  very  effective  on  seeds  of  black 
locust  (Heit  1967a).  It  is  also  recommended  for 
seeds  with  relatively  thin  coats,  since  damage 
from  overtreatment  is  not  likely. 

There  are  several  advantages  of  the  acid 
treatment.  It  is  effective  for  many  species  and 
requires  little  or  no  special  equipment.  Cost  is 
reasonable.  Most  of  the  acid  can  be  recovered 
and  reused  (unless  the  acid  is  poured  on  a  pile 
of  seed).  Treated  seeds  can  be  held  from  a  week 
to  a  month  or  more  before  sowing,  without  ap- 

preciable deterioration.  Since  the  process  leaves 

the  seeds  dry,  firm,  and  unswollen,  they  can  be 
sown  with  mechanical  seeders  as  well  as  by 
hand. 

There  are  also  disadvantages.  Length  of  treat- 
ment must  be  carefully  determined,  and  temper- 

ature must  be  carefully  controlled,  especially 
in  large  lots,  to  prevent  serious  injury  to  the 
seeds.  Workmen  also  face  a  safety  hazard. 

For  additional  discussion  of  acid  treatments 

for  impermeable  seedcoats,  the  reader  is  re- 
ferred to  Heit  (1967a)  and  Meginnis  (1937). 

Mechanical  Scarification 
Mechanical  scarification  is  another  technique 

for  overcoming  the  effect  of  an  impermeable 
seedcoat.  It  is  widely  used  on  seeds  of  forage 
crops,  such  as  alfalfa  and  the  clovers.  Most  of 
the  hard-seeded  species  already  mentioned,  plus 
other  species  with  tough  seedcoats,  such  as  east- 

ern redcedar  and  the  haws,  can  be  successfully 
treated  by  mechanical  scarification. 

In  addition  to  hand  scarification  with  files, 
sandpaper,  electric  needles,  and  other  devices 
for  test  samples,  large  lots  may  be  tumbled 
and  churned  in  sandpaper-lined  drums  or  mix- 

ers. Several  types  of  motor-driven  scarifiers, 
both  large  and  small,  are  available  from  com- 

mercial seed  equipment  dealers  (Vaughan  et  al., 
1968).  The  suitability  of  the  large  debearders 
and  huller-scarifiers  for  tree  seeds  is  not  known, 
but  the  smaller  Forsberg  scarifier  will  do  a  good 
job  on  honeylocust  and  smaller  seeds  (Bonner 
1969).  Other  scarifiers  suited  to  seeds  of  some 
tree  species  have  been  described  (Chapman 
1936;  Stoeckeler  and  Baskin  1937). 

Tests  of  the  amount  of  scarification  required 
must  be  made,  as  with  acid  treatment,  and  par- 

ticular care  must  be  taken  to  avoid  overtreat- 
ment. Swelling  from  water  uptake  or  visual 

examination  (a  hand  lens  may  be  needed)  of 
the  seedcoat  can  be  used  to  test  effectiveness  of 
the  scarification.  Excessive  treatment  will  cause 
damage  that  can  reduce  or  even  completely  de- 

stroy germinability  of  the  seeds.  Damaged  seeds 
also  deteriorate  much  more  rapidly  in  storage 
than  undamaged  seeds. 

Chief  advantages  of  mechanical  scarification 
are  as  follows:  it  requires  no  temperature  con- 

trols; it  involves  little  or  no  danger  of  injury 
to  workmen ;  and  the  seeds  remain  dry,  and  thus 
may  be  sown  or  drilled  immediately. 

Disadvantages  are  as  follows:  special  equip- 
ment is  needed,  at  least  for  large  lots;  seeds 

must  be  free  from  resin  or  soft  pulp  in  sand- 
paper-lined drum  scarifiers ;  seeds  can  be  dam- 

aged easily  by  overtreatment;  scarified  seeds 
seem  to  be  more  susceptible  to  injury  from 
pathogenic  organisms  than  nonscarified  seeds. 

Although  few  shrub  and  tree  seeds  are  scari- 
fied mechanically  at  present,  the  versatility  of 

equipment  on  the  market  today  suggests  that 
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this  technique  could  be  beneficial  to  seeds  of 
many  species. 

Water  Soaking 
Soaking  in  hot  water  has  been  used  for  seeds 

of  legumes,  particularly  the  large-seeded  spe- 
cies. Seeds  should  be  placed  in  four  to  five  times 

their  volume  of  water  preheated  to  170°  to 
212°  F.  and  allowed  to  soak  in  the  gradually 
cooling  water  for  about  12  to  24  hours.  This 
method  is  very  hard  to  standardize  and  has 

given  erratic  results.  Difi'erent  times  and  tem- 
peratures are  best  for  different  species  or  even 

seed  lots,  and  precise  control  is  hard  to  achieve. 
The  weight  ratio  of  seeds  to  water  is  also  ap- 

parently critical.  Hot  soaking  is  not  well  adapted 
to  large  lots  because  of  the  difficulty  in  handling 
and  sowing  the  swollen  seeds  (Heit  1967a). 

Soaking  the  seeds  in  cold  water  (at  near- 
freezing  temperatures)  has  successfully  speeded 
germination  for  some  species,  but  not  for  the 
hard-seeded  ones  for  which  acid  scarification 
has  been  recommended.  Success  is  probably  the 
result  of  either  the  leaching  of  germination  in- 

hibitors from  the  seeds,  softening  a  tough  (but 
not  completely  impermeable)  seedcoat,  or  com- 

pleting the  imbibition  requirement  for  germina- 
tion. 

The  most  notable  successes  reported  have 
been  with  coniferous  seeds :  white  spruce,  black 
spruce,  eastern  white  pine,  tamarack,  balsam 
fir,  and  jack  pine  (Rudolf  1950,  1952),  but  soaks 
of  7  or  14  days  were  used.  Similar  cold  soak 
treatments  have  also  worked  well  with  sweet- 
gum  seeds.  Treatment  periods  of  1  or  2  weeks, 
however,  are  comparable  to  those  for  stratifi- 

cation. Cold  water  soaking,  especially  for  1  or  2 
days,  does  not  appear  to  offer  much  advantage 
over  other  pretreatment  methods. 

STRATIFICATION  TREATMENTS 

In  addition  to  the  delayed  germination  caused 
by  impermeable  seedcoats,  the  embryos  and  food 
storage  tissues  in  many  species  must  undergo 
certain  physiological  changes  before  the  seeds 
will  germinate.  For  most  species  these  changes 
are  biochemical,  but  seeds  of  a  few  species  have 
immature  embryos  that  must  grow  and  develop 
within  the  seeds  before  germination  is  possible. 

Both  conditions  are  commonly  described  as  "in- 
ternal dormancy."  The  processes  that  overcome 

these  blocks  to  germination  are  known  collec- 
tively as  afterripening. 

Seeds  that  exhibit  internal  dormancy  are  usu- 
ally dispersed  in  the  autumn,  and  they  lie  on 

the  ground  with  the  litter  over  winter.  During 
this  period,  afterripening  is  completed  and  the 
seeds  germinate  in  the  spring.  (Some  may  lie 
over  until  the  second  or  third  spring  before 
they  germinate.)  Effective  afterripening  treat- 

ments must  induce  the  same  changes  in  seeds 
that  occur  in  nature.  A  long-term  treatment  un- 

der conditions  of  low  temperature  and  high 
moisture,  commonly  called  stratification,  is  usu- 

ally prescribed.  Stratification  originally  de- 
noted the  layering  of  seed  and  moisture-holding 

media  in  strata,  but  in  recent  years  it  has  been 
used  to  describe  any  cold,  moist  treatment  ap- 

plied to  seeds.  Another  term  that  describes  the 

treatment  is  "moist  prechilling." 
Rudolf  (1961)  noted  that  of  over  400  species 

of  woody  plants  studied,  approximately  60  per- 
cent require  afterripening  for  prompt  germina- 
tion. Some  examples  are  as  follows :  most  of  the 

ashes,  baldcypress,  beech,  some  birches,  cher- 
ries, American  chestnut,  dogwoods,  firs,  hack- 

berries,  hemlocks,  hickories,  junipers,  some 
larches,  fall-seeding  maples,  mulberries,  red 
oaks,  pecan,  many  pines,  plums,  some  spruces, 
sweetgum,  tupelos,  viburnums,  walnuts,  and 
yellow-poplar. 

Cold  Stratification 

In  the  most  widely  used  stratification  method, 
seeds  are  placed  in  a  moist  well-aerated  medium 
and  are  held  at  low  temperatures,  usually  from 

34°  to  40°  F.  In  general,  any  species  that  ex- 
hibits internal  dormancy  responds  well  to  cold 

stratification. 

There  are  three  major  requirements  for  suc- 
cessful cold  stratification : 

1.  A  source  of  moisture  for  the  seeds — a 
certain  degree  of  hydration  is  needed  in 
the  seeds  before  the  necessary  biochemi- 

cal processes  can  take  place.  The  uptake 
of  this  moisture  is  an  often-overlooked 
benefit  of  stratification. 

2.  Low  temperature — near  freezing  tem- 
peratures reduce  microorganism  activ- 

ity, favor  certain  biochemical  processes 
and  morphological  developments,  pre- 

vent the  sprouting  of  that  part  of  the 
lot  that  has  completed  afterripening, 
and  prevent  damage  from  the  heat  of 
respiration. 

3.  Adequate  aeration — aerating  the  seeds 
supplies  oxygen  for  seed  respiration 
and  allows  the  escape  of  carbon  dioxide 

and  heat.  Despite  temperatures  of  34° 
to  40°  F.  inside  the  refrigerator,  heat 
due  to  respiration  will  build  up  inside 
large  masses  of  wet  seed.  The  dead  air 

spaces  around  poorly  aerated  seed  eflfi- 
ciently  insulate  and  prevent  the  escape 
of  heat.  This  danger  is  especially  great 
when  seeds  are  stratified  for  2  months 
or  longer. 

Many  different  techniques  have  been  em- 
ployed in  stratifying  seed,  and  any  method  that 
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incorporates  these  three  principles  should  be 
successful.  Several  crucial  factors,  however,  re- 

quire further  explanation. 
Medmm. — High  seed  moisture  content  is  usu- 

ally obtained  by  mixing  the  seeds  with  a  good 
moisture-retaining  medium.  The  most  satis- 

factory is  granulated  peat  moss,  because  it  has 
high  moisture-holding  capacity,  is  slightly  acid, 
and,  unlike  sphagnum  moss,  dispels  heat  well. 
Other  media  that  have  been  used  include  sphag- 

num, sand,  sawdust  (not  very  suitable),  perlite, 
and  vermiculite.  Sand  also  dispels  heat,  and 
hence  is  very  good  for  stratifying  seeds  that  re- 

tain an  appreciable  coating  of  pulp  from  the 
fruit.  The  cleaner  the  sand,  the  better  stratifi- 

cation medium  it  makes. 

Container. — Boxes,  tanks,  trays,  cans,  or  bar- 
rels are  all  suitable.  They  should  have  perfo- 

rated or  false  bottoms  to  allow  drainage  of 
excess  water  and  to  facilitate  gas  exchange 
between  the  seeds  and  the  storage  room.  Com- 

monly used  containers  range  in  volume  from  10 
to  55  gallons. 

Polyethylene  bags  have  gained  widespread  ac- 
ceptance as  containers  in  recent  years  (Hosner 

et  al.  1959;  Lehto  1960),  especially  for  seeds 
the  size  of  loblolly  pine  or  smaller  (fig.  5).  A 
moisture-holding  medium  is  not  used  with  this 
technique,  which  is  sometimes  called  "naked 
stratification."  Up  to  25  pounds  of  fully  imbibed 
seed  (depending  on  the  species)  are  placed  in 

Figure  5. — Loblolly  pine  (Pinus  taeda)   seed  prepared 
for  stratification  in  a  plastic  bag. 

each  bag.  Although  these  bags  are  moisture- 
proof,  they  are  slightly  permeable  to  oxygen. 
For  good  aeration,  the  bags  should  be  no  more 
than  0.004  in.  thick.  Even  with  thin  polyethyl- 

ene, bags  should  be  turned  over  at  least  weekly 
and  opened  for  airing  every  2  or  3  weeks  when 
as  much  as  25  pounds  of  seed  is  in  a  single  bag. 

Temperature. — The  recommended  tempera- 
ture for  most  species  is  between  34°  and  40°  F. 

It  has  been  reported  that  50°  F.  is  as  good  or 
slightly  better  than  lower  temperatures  (Giers- 
bach  and  Croker  1929 ;  MacKinney  and  Mc- 
Quilkin  1938;  Graber  1965;  McLemore  1966), 
but  stratification  at  this  temperature  should  be 
avoided  because  of  the  dangers  of  overheating 
(McLemore  1966). 

Precautions  should  be  taken  to  avoid  freezing, 
since  it  may  kill  imbibed  seeds. 

Length  of  treatment. — Lengths  of  stratifica- 
tion required  to  break  dormancy  may  vary  from 

a  week  to  3  or  4  months,  depending  upon  the 
species.  It  has  even  been  reported  that  3  years  of 
cold  stratification  gave  excellent  results  with 
yellow-poplar  (Williams  and  Mony  1962).  Most 
species  require  20  to  60  days,  however. 

Prior  history  of  the  seeds,  such  as  processing 
and  storage  methods,  may  influence  the  degree 
of  dormancy  and,  in  turn,  the  length  of  stratifi- 

cation required.  Seed  source  can  also  be  very 
important.  Dormancy  of  loblolly  pine  seeds  is 
strongly  influenced  by  the  mother  tree  and  var- 

ies greatly  from  one  tree  to  another  (McLemore 
and  Barnett  1966a).  Stratification  should  be 
applied  only  to  those  lots  of  seeds  that  respond 
well  in  preliminary  paired  germination  tests  of 
stratified  and  unstratified  seed.  Seeds  of  some 
species,  such  as  black  cherry,  sugar  maple, 
cherrybark  oak,  sugar  pine,  ponderosa  pine,  lob- 

lolly pine,  and  Douglas-fir,  have  been  known  to 
begin  germination  during  cold  stratification  if 
they  are  held  too  long. 

The  following  sequence  of  operations  is  nor- 
mally used  in  cold  stratification  with  a  moisture- 

holding  medium: 
1.  Moisten  the  medium  uniformly.  Peat 

moss  should  be  just  moist  enough  so 
that  a  little  free  water  can  be  easily 

squeezed  out  by  hand ;  excessive  mois- 
ture can  be  harmful  to  some  species. 

Mixing  cracked  ice  with  medium  and 
seed  to  promote  quick  and  uniform 
chilling  (Wakeley  1954)  should  also 
help  distribute  moisture. 

Most  species  benefit  from  imbibition 
prior  to  stratification.  Soaking  over 
night  in  water  at  room  temperature  be- 

fore cold  stratification  is  a  common 

technique  with  southern  pines  and  hard- 
woods. Longer  soaks  (up  to  4  days)  may 

be  needed  with  nutlike  fruits,  and  pines 
with  hard  seedcoats  need  2  or  3  days 
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(Eliason  1965).  During  long  soaks  the 
water  should  be  changed  at  least  once 
a  day. 

2.  Mix  seeds  with  the  medium.  The  most 

common  practice  is  to  place  10-  to  25- 
pound  lots  of  seeds  in  loosely  woven 
bags,  which  are  flattened  into  disks  no 
more  than  3  inches  thick.  The  bags  of 
seeds  are  then  alternated  with  layers 
of  the  moist  media  in  the  container 
(fig.  6).  Putting  the  same  dry  weight 
of  seeds  in  each  sack  permits  easy  al- 

location of  seeds  in  subsequent  planting 
operations  despite  gains  in  weight  dur- 

ing stratification  (Wakeley  1954). 
Mixing  can  also  be  accomplished  by 

placing  seeds  in  thin  layers  alternating 
with  layers  of  medium ;  layers  may  be 
separated  by  cheesecloth.  A  third 
method  is  mixing  the  seed  directly  into 
the  moist  medium.  The  volume  of  the 
medium  should  be  three  times  that  of 
the  seeds.  This  method  is  very  effective, 
but  since  it  creates  a  cleaning  problem 
when  treatment  is  finished,  many  nurs- 

erymen have  abandoned  the  practice. 

3.  Cover  the  containers  carefully.  They 
should  be  loosely  covered  to  prevent 
the  seed  and  medium  from  drying  un- 

evenly ;  in  no  case  should  they  be  sealed. 
It  may  be  necessary  to  add  water  later 
to  prevent  excessive  drying.  A  check 
should  also  be  made  for  proper  drain- 
age. 

4.  Label  all  containers  clearly,  and  place 
them  in  the  cooling  facility. 

5.  Make  inspections  periodically,  prefer- 
ably weekly.  Checks  should  be  made  to 

prevent  excessive  drying,  heating,  and 
poor  aeration.  If  the  stratification  pe- 

riod lasts  longer  than  30  days,  the  bags 
of  seeds  should  be  removed  from  the 
containers  and  inspected  for  mold  and 
drying.  The  surface  of  seeds  inside  a 
large  mass  will  usually  dry  before  the 
seeds  heat  up  extensively.  Moist  peat 
moss  at  the  top  of  an  open  or  partially 
covered  container  will  often  freeze  and 

crust  over  because  of  cooling  from  evap- 
oration, even  when  the  temperature  of 

the  storage  room  is  37"  to  38°  F.  Such 
freezing  is  no  cause  for  alarm.  It  indi- 

cates only  that  the  medium  is  drying 
rapidly  and  that  moisture  should  be 
added  to  the  top. 

6.  Remove  and  clean  seeds  at  the  end  of 
the  stratification  period.  Heavy  seeds, 
such  as  acorns  and  walnuts,  can  be  sep- 

arated by  washing  or  by  water  flotation. 
For  smaller  seeds,  drying  to  the  point 

^55  gallon 
steel  drum 

Figure  6. — Desired  arrangement  for  stratification  in  a 
large  barrel. 

where  separation  by  screen  cleaners  is 
possible  is  a  good  technique.  Seeds 
should  be  sown  soon  after  removal,  be- 

cause extreme  drying  before  use  may 

induce  a  "secondary  dormancy"  in  some 
species.  Most  seeds  are  treated  with 
repellents,  fungicides,  or  a  lubricating 
powder  (for  drilling)  before  sowing. 
These  coatings  help  preserve  moisture. 
For  some  species  the  seeds  and  medium 
may  be  broadcast  sown  together.  Strati- 

fied seeds  are  fully  imbibed  and  should 
be  handled  as  gently  as  possible  to  avoid 
injury. 

The  following  sequence  is  normally  followed 
for  .stratification  in  plastic  bags : 

1.  Bring  seeds  to  a  high  moisture  content.  Full 
imbibition  is  essential  for  stratification  in  plas- 

tic bags  without  a  moisture-holding  medium. 
Water  soaks  as  recommended  for  stratification 
with  a  medium  should  be  used. 

2.  Place  seeds  losely  in  bags,  Do  not  pack.  Close  the 
bags  tightly  to  prevent  loss  of  moisture. 

3.  Label  all  containers  clearly,  and  place  them  in 
the  cooling  facility. 

4.  Inspect  bags  periodically.  Poor  aeration  is  more 
of  a  problem  in  naked  stratification  than  it  is 
when  a  medium  is  used,  especially  for  large 
lots.  There  is  some  gas  exchange  through  the 
bag  walls,  but  frequent  inspections  and  turnings 
are  necessary.  One  easy  means  of  detecting  a 
lack  of  oxygen  is  to  open  the  bags  and  smell  the 
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contents.  An  odor  of  alcohol  indicates  that  anae- 
robic respiration  is  occurring  because  of  insuf- 
ficient oxygen.  A  faint  smell  of  alcohol  does  not 

mean  that  the  seeds  are  ruined,  but  it  should  be 
taken  as  a  warning  of  imminent  danger.  Inspec- 

tions should  be  more  frequent  than  weekly  on 
large  lots,  and  all  bags  should  be  opened  and 
turned. 

5.  Remove  and  wash  seeds  at  the  end  of  the  strati- 
fication period.  Washing  at  this  point  may  not 

be  necessary,  but  it  will  remove  some  potentially 
damaging  microorganisms,  especially  with  large 
hardwood  seeds.  Sowing  soon  after  removal  is 
recommended  as  for  any  stratification  procedure. 

If  sowing  is  delayed,  some  species  may  be 
stored  and  used  later  without  restratifying. 
Southern  pine  seeds  treated  with  repellents  can 
be  stored  for  at  least  1  year  at  25°  F.,  even 
after  stratification,  without  loss  of  viability  or 
onset  of  secondary  dormancy.  Loblolly  and 
shortleaf  pine  seeds  may  be  stored  without  dry- 

ing; slash  pine  seeds  should  be  dried  to  10- 
percent  moisture  before  storage  (McLemore 
and  Barnett  1966b). 

Modifications  in  technique. — Some  nursery- 
men still  stratify  certain  species  in  outdoor  pits 

dug  in  the  ground.  Pits  several  feet  deep  are 
filled  with  sand  or  mixtures  of  soil  and  organic 
matter  with  seeds  or  bags  of  seeds  interspersed 
throughout.  The  area  is  kept  moist  throughout 
the  winter,  and  the  normal  temperatures  bring 
about  the  needed  afterripening.  This  method 
works  fairly  well  in  the  northern  half  of  the  Na- 

tion where  pit  temperatures  will  be  sufficiently 
low.  Farther  south,  the  same  thing  can  be 
achieved  by  stratifying  in  beds  above  ground 
(fig.    7),    where   temperatures    fluctuate   more 

Figure   7. — Stratification   of   black   walnut  in   beds   of 
sand  above  ground. 

(Churchwell  1967).  Pit  stratification  can  be 
useful  where  refrigerated  space  is  limited  or 
unavailable. 

Soaking  seeds  in  aerated  cold  water  is  the 
most  recent  approach  to  stratification  (Barnett 
and  McLemore  1967).  Seeds  are  submerged  in 

drums  of  water  at  34°  to  40°  F.,  and  air  is 
bubbled  through  the  water  to  furnish  oxygen 
to  the  seeds.  Enough  air  should  be  pumped  into 
the  bottom  of  the  container  to  produce  agita- 

tion by  bubbles  over  the  entire  water  surface. 
Pure  oxygen  should  not  be  used  because  it  re- 

sults in  excessive  moisture  uptake  and  weakens 
the  seeds.  The  use  of  aerated  water  soaks  re- 

duces the  dangers  of  mold  and  overheating.  This 
method  has  proved  satisfactory  with  lots  of  lob- 

lolly pine  seeds  as  large  as  50  pounds. 
Additional  discussions  on  stratification  of  cer- 

tain species  are  given  by  Allen  (1960,  1962a, 
1962b),  Barton  (1965),  Stoeckeler  and  Jones 
(1957),  and  Wakeley  (1954). 

Warm  and  Cold  Stratification 
Seeds  of  some  species  germinate  better  when 

they  receive  warm  stratification  prior  to  cold 
stratification.  If  the  species  has  an  immature 
embryo,  as  in  European  ash  (Nikolaeva  1958), 
the  warm  period  promotes  embryo  maturation. 
Green  ash.  white  ash,  black  cherry,  and  many 
shrub  species  that  have  full-sized  embryos  at 
dispersal  also  seem  to  benefit  from  warm  strati- 

fication prior  to  cold  (Eliason  1965;  Heit  1968). 
In  some  species  the  epicotyl  is  dormant,  but 

the  radicle  is  nondormant.  In  nature  these  spe- 
cies, which  include  some  viburnums  (Giers- 

bach  1937),  eastern  hophornbeam,  American 
hornbeam  (Sandahl  1941),  and  the  white  oaks, 
initiate  germination  in  the  year  of  dispersal 
by  sending  down  radicles.  After  exposure  to  cold 
weather  over  winter,  epicotyl  dormancy  is  re- 

moved, and  germination  is  completed  the  follow- 
ing spring.  Seedlings  can  be  produced  in  the 

same  year  by  planting  the  seeds  in  flats  of  sand, 
peat,  or  similar  media  and  placing  them  at  warm 
temperatures  until  root  systems  are  formed. 
A  period  of  cold  is  then  needed  to  afterripen  the 
epicotyl  and  complete  germination. 

The  period  of  warm  stratification  can  be  at  a 
constant  55°  to  75°  F.  or  at  alternating  tem- 

peratures 68°  to  86°  F.  This  treatment  can  be 
for  as  long  as  7  months,  depending  on  the  spe- 

cies. Cold  stratification  should  then  be  for  1/2 
to  4  months  at  normal  cold  stratification  tem- 

peratures (34°  to  50°  F.)  (Barton  1965). 

COMBINATION  TREATMENTS 
("Double  dormancy") 

We  have  discussed  delayed  germination  due  to 
impermeable  seedcoats  and  internal  (embryo) 
dormancy  and  treatments  that  overcome  these 
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conditions.  Some  species  are  subject  to  both 
of  these  conditions  and  require  a  combination 
of  treatments  to  obtain  germination  in  a  reason- 

able time. 

For  species  whose  seedcoats  are  hard  but 
not  completely  impermeable,  warm  stratification 
may  be  enough  to  overcome  the  seedcoat  block. 
European  birdcherry,  Appalachian  sand  cherry, 
and  pin  cherry  are  examples  for  which  this 
method  has  proved  successful.  Others,  such  as 
basswood,  Russian  olive,  eastern  redbud,  and 
some  Ceavothus  species,  need  more  drastic  ac- 

tion to  weaken  the  seedcoat.  Scarification  or  hot 
water  soaks  may  be  used ;  depending  on  the 
species.  Cold  stratification,  as  described  earlier, 
must  then  be  applied  to  overcome  the  internal 
dormancy.  The  effectiveness  of  a  combination 
treatment  on  eastern  redbud  is  clearly  shown 
(fig.  8). 

CHEMICAL  TREATMENTS 

Many  chemicals  have  been  tested  in  a  search 

for  a  "trigger  compound"  that  can  eliminate 
quickly  and  simply  the  delayed  germination 
associated  with  internal  dormancy.  Inorganic 
ions,  organic  acids,  and  many  growth  regula- 

tors, especially  the  gibberellins,  have  stimulated 
germination  in  the  laboratory  (Cotrufo  1962; 
Hatano  and  Asakawa  1964;  Shearer  1961),  but 

there  have  been  only  a  few  successes  in  nurs- 
eries. Stein  (1965)  reported  that  a  48-hour  soak 

in  1-percent  hydrogen  peroxide  hastened  ger- 
mination of  Douglas-fir  in  a  field  test.  The  same 

treatment  delayed  ponderosa  pine  germination 
but  had  little  effect  on  speed  of  sugar  pine  ger- 

mination. A  2-day  soak  in  0.1-percent  citric 
acid,  followed  by  90  days  of  cold  stratification, 
gave  good  baldcypress  germination  in  one  south- 

ern nursery  (Jones  1962).  The  above  are  iso- 
lated treatments,  however,  and  general  recom- 

mendations about  any  chemical  treatment  to 
speed  germination  of  seeds  with  internal  dor- 

mancy must  await  further  research. 

FALL  SOWING 

In  recent  years  many  nurserymen  have 
sown  untreated  dormant  seeds  of  some  species 
in  the  fall.  The  seeds  receive  what  amounts  to  a 
warm,  then  cold  afterripening.  Not  only  does 
this  practice  lower  production  costs  by  elimi- 

nating the  expense  of  presowing  treatments, 
but  it  can  usually  be  done  in  the  fall  between 
seed  collection  and  seedling  lifting.  Labor  de- 

mands are  lower  then,  and  in  many  parts  of  the 
country  soil  conditions  are  more  favorable  for 
planting. 

Certain  conditions  must  be  met  before  fall 
sowing  is  successful.  First,  the  seeds  must  be 
of  high  quality.  Weak  or  damaged  seeds  will 
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Figure  8. — Effects  of  several  treatments  to  overcome 
"double  dormancy"  in  eastern  redbud  (Cercis  cana- densis) . 

rarely  survive  over  winter.  Even  good  seeds 
need  protective  mulching  in  cold  regions.  Time 
of  sowing  is  also  very  important.  Seeds  sown 
too  early  may  germinate  before  winter  and  be 
lost.  Seeds  sown  too  late  may  not  get  the  full 
afterripening  effect  before  the  ground  freezes 
(Heit  1967c).  Intermittent  germination  and 
poor  stocking  will  be  the  result.  Other  timing 
considerations  are  species  and  geographic  loca- 

tion of  the  nursery.  Most  species  do  best  in  the 
northern  United  States  when  sown  in  October 
and  November.  More  precise  times  for  the 
Northeast  have  been  determined  by  Heit  (1967c, 
1967d,  1968)  and  are  listed  by  species  in  Part  2. 

Both  hardwood  and  conifer  seeds  are  suited 
to  fall  sowing  in  the  northern  part  of  the 
United  States.  The  practice  is  not  as  widespread 
in  the  South,  but  it  probably  could  be  applied 
more  than  it  is  now. 

Fall-sown  seeds  are  vulnerable  to  predators, 
especially  winter  flocks  of  seed-eating  birds. 
Mulching  provides  some  protection  in  the  nurs- 

ery, but  chemical  repellents  may  be  required, 
depending  on  the  severity  of  local  conditions. 
Bird  and  animal  repellents  used  in  direct-seed- 

ing should  suffice.  Users  should  check  with  local 
Federal  and  State  forestry  officials  concerning 
approved  chemicals  and  recommended  dosages. 
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POSSIBILITIES  FOR  THE  FUTURE 

Even  though  satisfactory  presowing  treat- 
ments have  been  w^orked  out  for  most  species  in 

this  manual,  we  still  do  not  know  the  exact 
causes  of  delayed  germination  in  seeds.  This 
empirical  approach  has  been  sufficient  for  some 
seeds,  but  not  for  others.  For  centuries  man  has 
tended  to  select  agricultural  seeds  that  germi- 

nate promptly.  The  result  is  that  most  of  our 
cultivated  species  are  nondormant.  A  similar 
approach  will  probably  work  with  forest  spe- 

cies. But  strict  control  over  germination  of  the 
seeds  of  woody  plants  cannot  be  attained  until 
we  learn  what  physiological  processes  are  in- 

volved in  delayed  germination.  Then  perhaps 
we  can  turn  dormancy  off  and  on  as  needed 
with  chemicals. 
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Chapter  VII 

SEED  TESTING 

by  F.  T.  Bonner 

In  seed  testing,  physical  and  biological  char- 
acteristics of  a  seed  lot  are  measured  to  assess 

the  value  of  the  lot.  Persons  interested  in  this 
value  may  be  a  nurseryman  who  wants  to  know 
how  many  seeds  to  sow  per  unit  area  of  nursery 
bed ;  a  seed  dealer  who  wants  to  know  the  qual- 

ity of  his  commodity  so  that  he  may  set  the 
price ;  a  government  inspector  checking  the  qual- 

ity of  seed  moving  in  interstate  or  international 
trade ;  or  an  industrial  forester  who  must  eval- 

uate stored  seed  stocks  in  anticipation  of  a  re- 
forestation program.  All  of  these  people,  and 

others,  require  information  that  can  be  obtained 
from  properly  executed  seed  tests. 

Testing  procedures  are  available  for  many 
characteristics  of  a  seed  lot:  purity,  genuine- 

ness, weight  (number  of  seeds  per  pound  or  per 
gram),  germination,  moisture  content,  and,  for 
some  seeds,  vigor.  Some  of  these  characteristics 
can  be  directly  measured,  others  are  estimated 
via  indirect  methods.  In  many  cases  all  of  these 
characteristics  must  be  measured;  in  other  cases 
only  some  of  them  are  used.  But  no  matter  how 
many  tests  are  performed,  quality  evaluation 
is  absolutely  necessary  for  efficient  use  of  seeds. 

DEVELOPMENT  OF  STANDARD 
TEST  PROCEDURES  AND  RULES 

Seed  testing  evolved  in  Europe  in  the  nine- 
teenth century  to  help  regulate  the  seed  trade. 

The  first  seed  testing  laboratory  was  estab- 
lished in  1869  in  Germany  by  Friedrich  Nobbe, 

who  tested  forest  tree  seeds  as  well  as  crop 
seeds  (Baldwin  1942,  Justice  1972).  The  first 
testing  laboratory  in  the  United  States  was 
established  in  1876  at  the  Connecticutt  Agri- 

cultural Experiment  Station,  and  others  soon 
followed  (Justice  1972).  Early  history  of  tree 
seed  testing  has  been  reviewed  by  Baldwin 
(1942)  and  Rohmeder  (1969). 
Standardized  testing  rules  were  first  pub- 

lished in  this  country  in   1897.  Seed  analysts 

'  Southern  Forest  Exp.  Stn. 

from  the  United  States  and  Canada  met  in  1908 
and  founded  what  was  to  become  the  Association 
of  Official  Seed  Analysts  (AOSA)  (Justice 
1972).  The  testing  rules  of  this  organization 
were  first  adopted  in  1917,  and  have  been  re- 

vised and  expanded  many  times.  Rules  for 
testing  tree  and  shrub  seeds  were  added  by  the 
AOSA  in  1965  and  revised  slightly  in  1970. 

The  International  Seed  Testing  Association 
(ISTA),  founded  in  1921,  adopted  a  very  com- 

plete set  of  standard  seed  testing  rules  in  1931 
(Justice  1972).  ISTA  also  has  rules  for  tree  and 
shrub  seeds  including  some  for  species  not  in 
the  AOSA  rules.  Some  differences  exist  between 
the  two  sets,  but  seed  analysts  and  scientists 
are  working  to  resolve  them. 

The  value  of  standardized  testing  rules  can- 
not be  overemphasized.  Justice  (1972)  pointed 

out  objectives  which  have  served  as  guidelines 
in  the  development  of  rules :  (a)  to  provide 
methods  by  which  the  quality  of  seed  samples 
can  be  determined  accurately;  (b)  to  prescribe 
methods  by  which  seed  analysts  working  in  dif- 

ferent laboratories  can  obtain  uniform  results; 
(c)  to  relate  laboratory  results,  insofar  as  pos- 

sible, to  planting  value ;  (d)  to  complete  the  tests 
within  the  shortest  period  of  time  possible ;  and 
(e)  to  perform  the  tests  in  the  most  economical 
manner.  Testing  rules  are  not  static.  Seed 
scientists  and  analysts  are  constantly  improv- 

ing, updating,  and  expanding  them  in  line  with 
the  five  objectives  stated  above. 

Copies  of  the  AOSA  rules  may  be  purchased 
from  the  Secretary  of  AOSA.  The  name  and  ad- 

dress of  the  incumbent  secretary  is  available 
from  any  state  seed  testing  laboratory.  ISTA 
rules  are  available  from  : 

Secretariat,  International  Seed  Testing 
Association 

Box  68.  N-1432  As-  N.L.H.,  Norway. 

Recent  comprehensive  reviews  of  seed  testing 
have  been  published  by  MacKay  (1972)  and 
Justice  (1972).  General  aspects  of  seed  testing 
are  also  described  in  USDA  Agricultural  Hand- 

book 30  (1952). 
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TESTING  YOUR  SEED 

Seed  tests  are  important  on  two  occasions — 
first,  immediately  following  extraction  and 
cleaning;  and  second,  prior  to  planting.  The 
second  instance  will  require  some  planning  be- 

cause samples  should  be  submitted  to  the  labora- 
tory 2  to  4  months  prior  to  the  expected  planting 

time.  When  planting  is  planned  for  the  spring 
following  collection,  one  test  may  be  enough. 
When  fall  planting  of  certain  hardwood  species 
is  planned,  time  may  be  too  short  to  complete  a 
germination  test.  In  these  cases  one  of  the  rapid 
viability  tests  should  be  requested. 

It  is  always  best  to  have  seed  tested  at  State 
or  Federal  seed  testing  laboratories.  There  are 
three  major  testing  laboratories  in  the  United 
States  for  tree  and  shrub  seeds : 

Oregon  State  Seed  Laboratory 
Oregon  State  University 
Farm  Crops  Department 
Corvallis,  Oregon  97331 
(extensive  experience  with  western  species) 

Eastern  Tree  Seed  Laboratory 
U.S.  Forest  Service 
P.O.  Box  819 
Macon,  Georgia  31202 
(test  only  tree  and  shrub  seed ;  extensive 
experience  with  southern  species) 

Department  of  Seed  Investigations 
New  York  State  Agricultural  Experiment 

Station 
Geneva,  New  York  14456 
(experienced  with  species  of  all  regions) 

Many  other  state  seed  laboratories  and  a  few 
commercial  laboratories  will  test  tree  and  shrub 
seeds  upon  request.  Addresses  of  all  state  seed 
laboratories  have  been  listed  and  published  by 
Seed  World  Publications  (1964). 

While  standard  tests  by  trained  seed  analysts 
are  certainly  best,  nurserymen  sometimes  may 
make  their  own  germination  tests.  In  such  situa- 

tions, the  conditions  described  for  species  in- 
cluded in  Part  2  of  this  handbook  may  be  used. 

Pregermination  treatments  and  germination 
test  conditions  specified  by  AOSA  (1970a)  and 
ISTA  (1966)  are  included.  Other  test  conditions 
that  have  resulted  in  adequate  germination  are 
also  listed  in  Part  2. 

If  good  germination  is  not  obtained  with 
these  test  conditions,  or  if  tests  are  desired  on  a 
species  that  is  not  included  in  Part  2,  the  fol- 

lowing suggestions  may  be  helpful : 

(a)  For  hardseeded  species  (especially 
legumes),  cut  or  abrade  the  seedcoat 
to  allow  moisture  uptake. 

(b)  When  the  degree  of  dormancy  is  un- 
known, run  paired  germination  tests : 

(1)  no  treatment,  and  (2)  prechill  at 
36°  F.  for  30  to  60  days. 

(c)  Try  alternating  temperatures  of  86°  F. 
for  8  hours  and  68°  F.  for  16  hours.  If 
response  is  poor,  repeat  the  test  at 
lower  alternating  temperatures,  such 
as  75°  F.  and  60°  F.  With  either  range, 
use  light  during  the  high  temperature 

period. (d)  If  cold  stratification  does  not  induce 
germination,  try  a  period  of  warm 
stratification  followed  by  cold  .stratifi- 

cation as  described  in  Chapter  VI. 

SAMPLING 

The  first  step  in  seed  testing  is  to  draw  a  sam- 
ple that  is  representative  of  the  entire  seed  lot. 

This  step  is  extremely  important,  for  no  matter 
how  accurately  the  test  procedures  are  carried 
out,  the  results  can  only  show  the  quality  of 
the  sample  submitted  for  analysis.  Sampling 
should  be  carried  out  by  a  trained,  experienced 
person.  Completely  homogeneous  seed  lots 
would  be  easy  to  sample,  but  they  do  not  exist. 
The  person  taking  the  samples  must  be  able  to 
recognize  the  sources  of  variation  in  seed  lots 
and  to  adjust  sampling  accordingly. 

Sample  Size 
Each  seed  lot  must  be  represented  by  a  sam- 

ple of  adequate  size.  A  seed  lot  is  defined  as  a 
unit  of  seed  of  reasonably  uniform  quality  from 
a  particular  location  and /or  elevation.  ISTA 
(1966)  states  that  a  seed  lot  should  not  be  larger 
than  11,000  pounds  (5,000  kilograms)  for  seeds 
the  size  of  beech  or  larger,  or  2,200  pounds 
(1000  kilograms)  for  seeds  smaller  than  beech. 
Seed  stocks  in  excess  of  these  quantities  must 
be  subdivided  into  smaller  lots  and  identified 

separately.  The  Western  Forest  Tree  Seed  Coun- 
cil (1966)  recommended  that  lots  in  excess  of 

500  pounds  (227  kilograms)  be  divided  into 
equal  smaller  lots  for  sampling  purposes.  The 
USDA  Forest  Service  Eastern  Tree  Seed  Lab- 

oratory recommends  a  lot  maximum  of  1000 
pounds  (455  kilograms).  Persons  reque-sting 
tests  must  decide  for  themselves  what  limits 

to  put  on  lot  size.  The  larger  the  seed  lot,  how- 
ever, the  greater  the  chance  that  the  sample 

will  not  be  fully  representative.  Seed  stocks  in- 
volved in  international  trade  must  be  sampled 

as  specified  by  ISTA   (1966). 
The  sifbniitted  sample  is  the  sample  taken 

from  a  seed  lot  and  submitted  for  analysis.  Its 
size  depends  on  the  number  and  types  of  tests 
desired.  The  submitted  .sample  for  a  germina- 

tion test  alone  must  contain  at  least  600  seeds. 
A  complete  analysis  requires  at  least  2,500  seeds. 
Submitted  samples  should  be  larger  than  the 
minimum  required  by  the  analyst  for  testing, 
especially  when  large  seed  lots  are  properly  sam- 

pled. In  this  case  the  submitted  sample  will  be 
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subdivided  in  the  laboratory  to  obtain  the  work- 
ing  sample,  or  the  sample  on  which  the  actual 
analyses  are  made.  Minimum  working  sample 
sizes  for  sbme  species  are  specified  by  AOSA 
(1970a).  Working  sample  sizes  may  also  be 
determined  from  table  1  for  species  on  which 
the  number  of  seeds  per  pound  (or  per  gram)  is 
known.  Seed  weights  for  most  species  can  be 
found  in  Part  2  of  this  book.  Because  of  geo- 

graphic variation,  different  degrees  of  lot  purity, 
or  varying  moisture  contents,  ranges  are  given 
in  table  1  and  not  mean  values.  The  person 
drawing  the  sample  must  allow  for  different 
conditions  of  the  seed. 

The  submitted  sample  should  be  larger  than 
the  working  sample,  preferably  about  twice  the 
minimum  size.  An  upper  sample  size  limit  of 
1,000  grams  is  generally  recognized.  For  seeds 
larger  than  this,  the  submitted  sample  should 
just  exceed  500  seeds  (ISTA  1966).  For  very 
small  seed,  the  working  sample  should  never 
be  less  than  Vi.  gram.  When  low  viability  or 
any  other  condition  that  requires  re-testing  is 
suspected,  the  minimum  size  of  the  submitted 
sample  should  be  double  the  weights  listed  in 
table  1.  For  moisture  determination,  add  an- 

Table  1. — Guidelines  for  minimum  working 
sample  lueights  for  tree  seeds  ivheyi  both 
purity  and  germination  are  to  he  tested. 
Adapted  froyn  AOSA  (1970a) 

Minimum Minimum 
Seeds working Seeds 

working 

per 
sample 

per 

sample 

pound size 

gram 

size 
Number 

less  than  2,000 ' 
2,000-2,500 
2,500-3,000 
3,000-3,500 
3,500-4,000 
4,000-4,500 
4,500-5,000 
5,000-5,500 
5,500-6,000 
6,000-7,000 
7,000-8,000 
8,000-9,000 
9,000-10,000 
10,000-15,000 
15,000-20,000 
20,000-25,000 
25,000-30,000 
30,000-40,000 
40,000-50,000 
50,000-65,000 
65,000-80,000 
80,000-100,000 
100,000-150,000 
150,000-200,000 
200,000-300,000 
more  than  300,000 

Ounces 

=  16 

14-18 
11-16 
10-13 
8.5-11.5 

7.5-10 
6.5-9 6-8 
5.5-7.5 
5-7 
4-6 

3.75-5.5 
3.25-4.75 
2.25-4.25 

1.75-3 1.5-2.25 

1.25-2 0.8-1.5 
.75-1.25 

.5-1 .4-.75 

.3-.6 

.25-.5 
.2-.4 
.1-.25 
.1 

Number 

less  than  5  ' 5-7 
7-10 

10-15 
15-20 
20-25 
25-30 
30-35 
35-40 
40-50 

50-60 
60-70 
70-80 
80-90 
90-100 

100-125 
125-150 
150-175 
175-200 
200-250 
250-300 
300-350 
350-400 
400-500 
500-750 
more  than  750 

Grams 

=  500 

300-400 
200-300 
140-240 
100-170 
85-125 
70-100 
60-90 
54-75 
42-65 

36-54 
30-46 
27-40 
24-35 

22-32 
17-28 

15-23 
13-20 
11-17 9-15 8-12 

6.5-10 
5.5-8.5 
4.5-7.5 
3-6 
3 

other  1/2  ounce  (15  grams)  to  the  submitted 
sample.  For  species  that  require  two-stage  dry- 

ing for  moisture  determinations  under  ISTA 
Rules,  add  2  ounces  (50  grams). 

The  submitted  sample  should  be  subdivided 
in  the  testing  laboratory  where  mechanical  di- 

viders are  available  (fig.  1).  These  dividers  split 

'  Purity  analyses  are  rarely  required  for  seeds  of  this size. 

=  Sample  should  contain  at  least  500  seeds. 

Figure  1. — Two  types  of  sample  dividers.  The  one  on 
the  left  divides  with  an  inverted  cone.  The  one  on  the 
right  uses  centrifugal  force  to  throw  seeds  into  the 
outlets  on  each  side. 

the  sample  into  two  equal  parts,  and  splitting 
is  continued  until  a  subsample  of  the  desired 
weight  is  obtained.  If  no  mechanical  divider  is 
available,  the  sample  may  be  reduced  by  re- 

peatedly halving  the  thoroughly  mixed  sample 
with  a  sharp-edged  instrument  on  a  clean  sur- 

face until  the  proper  working  sample  is 
obtained. 

Sampling  Equipment 

Free-flowing  seeds  in  containers  should  be 
sampled  with  seed  triers  which  are  long  enough 
to  reach  all  areas  in  the  containers.  The  best 
triers  are  those  with  a  hollow  slotted  brass  tube 
on  the  inside  of  a  slotted  outer  shell  or  sleeve 
(fig.  2).  After  insertion  into  the  seeds,  the  tube 
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Figure  2. — Seed  triers  for  drawing  samples.  Top: 
sleeve-type  18  inches  in  length  with  slots  open;  longer 
models  up  to  72  inches  are  available.  Bottom:  the  less 
desirable  thief -type  6  inches  in  length;  a  12-inch 
length  also  is  available. 

is  turned  to  line  its  slots  up  with  those  of  the 
shell.  The  seed  flow  into  the  trier,  and  then  the 
tube  is  turned  to  close  the  slots  and  removed. 

Several  sizes  of  sleeve-type  triers  are  available, 
and  one  must  choose  a  trier  large  enough  in 
diameter  to  freely  admit  the  seeds  being  sam- 

pled. Short  "thief -type"  triers  (fig.  2)  are  some- 
times used  on  small  lots,  but  they  are  not  very 

satisfactory  (Justice  1972). 

Non-free-flowing  seeds  and  large  seeds  should 
be  sampled  by  thrusting  the  hand  into  the  seeds 
and  removing  small  portions.  The  hand  should 
be  inserted  flat  with  the  fingers  extended  to- 

gether. The  fingers  should  be  kept  together  as 
the  hand  is  closed  and  withdrawn.  It  is  difficult 
to  sample  with  this  method  deeper  than  about 
16  inches  (40  cm),  and  containers  may  have  to 
be  partially  emptied  to  facilitate  sampling 
(ISTA  1966). 

Sampling  Procedure 

Ideally,  the  sample  should  be  made  up  of 
equal  portions  taken  from  evenly  distributed 
volumes  of  the  lot  to  be  sampled.  The  number 
of  portions  drawn  should  be  proportional  to  the 
size  of  the  container.  For  example,  if  part  of  a 
lot  is  in  10-gallon  containers  and  part  in  20- 
gallon  containers,  twice  as  many  portions 
should  be  taken  from  the  20-gallon  containers 
as  from  the  10-gallon  containers. 

Good  judgment  must  be  used  in  determining 
how  many  samples  to  take  from  each  container. 
For  seed  that  was  thoroughly  mixed  immedi- 

ately before  sampling,  one  sample  is  enough. 
Guidelines  provided  by  AOSA  (1970a)  are: 

(1)  For  lots  of  1  to  6  bags,  sample  each 
bag  and  take  a  total  of  at  least  5  cores 
or  handfuls. 

(2)  For  lots  of  more  than  6  bags,  sample 
5  bags  plus  at  least  10  percent  of  the 
number  of  bags  in  the  lot.  Round 
numbers  with  decimals  to  the  nearest 
whole  number.  Regardless  of  the  lot 

size,  samples  from  30  bags  are  suffi- 
cient. Examples: 

Bags  in  lot  Bags  to  be  sampled 
(number)  (number) 

7    6 
10    6 
23    7 
50    10 

100      15 

For  seeds  that  have  not  been  mixed  recently 
(as  in  stored  seed  stocks),  subsamples  should  be 
taken  from  the  top,  center,  and  bottom  thirds 
of  the  container  and  combined.  As  containers 
are  handled,  empty  seeds  and  wings  have  a 
tendency  to  work  to  the  top.  If  in  doubt,  always 
take  several  subsamples. 

When  sampling  with  triers,  the  containers 
should  be  in  a  horizontal  position  if  possible, 
so  that  seeds  will  drop  into  the  trier  along  its 
entire  length.  Triers  should  be  inserted  with 
the  slots  closed  and  facing  downward,  then 
turned  over  and  opened.  The  best  path  for  a 
single  trier  core  is  on  a  diagonal  path  through 
the  container  (Justice  1972).  When  more  than 
one  core  is  taken,  different  paths  .should  be  fol- 

lowed (AOSA  1970a).  If  hand  sampling  is  used, 
take  numerous  subsamples  from  various  points 
in  the  container:  top,  center,  bottom,  and  sides. 

Occasionally  sampling  will  be  done  on  a  bulk 
lot  of  seeds,  not  in  containers.  Composite  sam- 

ples should  be  obtained  by  drawing  as  many 
subsamples  by  trier  or  hand  as  if  the  same 

quantity  of  seed  wei-e  in  containers  of  ordinary 
size.  These  subsamples  should  be  taken  from 
well  distributed  points  throughout  the  bulk 
lot  (AOSA  1970a). 

Samples  taken  from  seed  in  cold  storage 
should  be  drawn  and  packaged  under  storage 
conditions.  Packaged  samples  can  be  opened 

when  they  i-each  laboratory  temperature.  When 
cold  seeds  come  into  contact  with  warm,  moist 
air,  moisture  will  condense  on  the  seeds,  and 
seed  moisture  content  will  increase.  Samples 
drawn  for  moisture  determination  would  cer- 

tainly be  affected,  and  seed  quality  could  be 
altered  in  small-seeded  species. 

Shipping  the  Sample 

Samples  should  be  packaged,  carefully  labeled, 
and  sent  to  the  testing  laboratory  without  delay. 
Plastic  or  closely  woven  cloth  bags  placed  inside 
rigid  mailing  containers  should  be  used  for 
shipment.  Seed  samples  for  moisture  determina- 

tions and  all  samples  having  high  moisture  con- 
tents must  be  shipped  in  moisture-proof  con- 

tainers. Plastic  bottles  or  polyethylene  bags  at 
least  5  mils  thick  are  good  containers  for  this 

purpose.  A  copy  of  the  label  with  the  sender's 
name  and  seed  lot  identification  should  also  be 
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Figure  6. — Electronic  seed  counter.  A  vibrating  feed 
bowl  moves  seeds  past  an  electric  eye  in  single  file. 
The  machine  can  be  programed  to  count  a  certain 
sample  size,  then  cut  itself  off. 

Moisture  Content 

Moisture  content  is  determined  with  the  sub- 
mitted sample  and  not  the  pure  seed  component. 

Determinations  should  be  made  as  soon  as  pos- 
sible after  receipt  of  the  sample,  because  seed 

respiration  over  an  extended  period  could 
change  the  moisture  content  in  the  sample 
(ISTA  1966).  Such  could  be  the  case  in  seeds 
with  naturally  high  moisture  contents,  as  in 
the  maples  (Acer)  and  the  oaks  (Quercus). 

Moisture  determinations  are  of  two  types : 
(a)  basic  laboratory  measurements,  and  (b) 
rapid  determinations  of  approximate  moisture 
content  with  electronic  moisture  meters.  AOSA 
rules  do  not  have  standard  methods  for  mois- 

ture testing,  but  the  ISTA  rules  do,  They 
should  be  consulted  for  detailed  instructions. 

The  most  common  laboratory  methods  are 
called  air-oven  methods  (ISTA  1966).  Seed 
samples  are  heated  in  ovens,  and  the  loss  of 
weight  that  occurs  during  drying  is  considered 
to  be  seed  moisture.  ISTA  rules  prescribe  oven 
drying  at  105°  C.  for  16  hours  for  all  tree  and 
shrub  seeds  except  the  following:  fir  (Abies), 
cedar  (Cedrus) ,  beech  (Fagus) ,  spruce  (Picea) , 
pine  (Pinus),  and  hemlock  (Tsuga).  Seeds  of 
these  genera  contain  oils  and  resins  which  are 

volatile  at  105°  C,  and  their  moisture  content 
must  be  determined  by  toluene  distillation 
(ISTA  1966).  In  this  procedure  ground  seed  tis- 

sue is  boiled  in  toluene  to  drive  off  the  moisture 
which  is  condensed  and  measured  volumetri- 
cally.  Toluene  distillation  can  be  used  to  cali- 

brate air-oven  methods  by  making  determina- 
tions on  paired  samples  and  selecting  a  drying 

time  and  temperature  for  oven  drying  that 
yields  moisture  contents  equal  to  those  measured 
by  toluene  distillation  (Buszewicz  1962,  Bonner 1972a). 

Other,  more  elaborate  laboratory  methods 
exist  for  the  exact  measurement  of  moisture 
content,  but  their  application  is  in  research 
only  (Hart  and  Neustadt  1957,  Hart  and  Go- 
lumbic  1962,  Norris  and  Hart  1965). 

Electronic  moisture  meters  (fig.  7)  give  rapid, 
though  not  too  accurate,  measurements  of  seed 
moisture.  Meter  readings  are  converted  to  seed 
moisture  content  by  means  of  charts  supplied 
by  the  manufacturer  or  developed  from  cali- 

bration curves  (fig.  8)  in  the  laboratory  for  the 
species  in  question.  These  meters  are  not  con- 

sidered accurate  enough  for  official  seed  testing, 
but  their  rapid  operation  makes  them  very  use- 

ful in  certain  situations.  For  example,  they 
should  be  accurate  enough  to  check  tree  and 
shrub  seed  moisture  as  a  guide  to  conditioning 
seeds  for  storage. 

Calibration  data  for  application  of  electronic 
moisture  meters  to  tree  seeds  have  been  re- 

ported for  six  western  conifers  (Hart  and  Go- 

Figure  7. — One  example  of  an  electronic  seed  moisture 
meter.  The  cylindrical  measurement  chamber  is  on 
the  left. 
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lumbic  1966,  Lanquist  1965) ;  four  southern 

pines  (Jones  1960)  ;  European  silver  fir  (Abies 
alba  Mill.)  (Magini  and  Cappelli  1962) ;  several 
hardwoods  (Bonner  1972a) ;  and  many  other 

species  in  Europe  (Schreiber  and  Stephan 
1961). 

Moisture  content  of  seeds  should  be  expressed 

as  a  percentage  of  their  wet  weight  the  weight 
prior  to  drying.  In  the  United  States,  seed 
moisture  content  usually  has  been  expressed 
as  a  percentage  of  dry  weight.  International 
usage  now  is  almost  exclusively  on  the  wet 
weight  basis,  however,  and  we  should  change 
for  the  sake  of  consistency.  This  consistency  is 

especially  important,  as  the  international  ex- 
change of  tree  seed,  both  for  research  and  corn- 

mercial  purposes,  is  rapidly  expanding.  To  avoid 
misunderstandings,  the  base  should  be  specified 
in  all  reports — whether  dry  or  wet  weight.  Per- 

centages can  be  converted  from  one  base  to  the 
other  with  the  scale  in  figure  9. 

Genuineness  and  Origin 
Seed  samples  should  always  be  examined  to 

determine  that  they  conform  to  the  name  on  the 
label  when  submitted.  The  seed  analysts  must 

rely  on  botanical  descriptions,  seed  identifica- 
tion books,  collections  of  authentic  samples, 

and  the  photographs  in  Part  2  of  this  handbook. 
Nurserymen  and  other  seed  buyers  should  keep 
in  close  contact  with  their  sources  of  supply, 
and  use  only  reputable  collectors  and  dealers. 
When  the  botanical  identity  of  a  seed  lot  is 
questionable,  a  sample  should  be  sent  to  a  test- 

ing laboratory  for  identification.  Another  seed 
sample  should  be  retained  at  the  nursery  for 
possible  rechecking  when  seedlings  have  been 
grown. 

Within  a  few  species,  seeds  from  a  specific 
geographic  source  may  be  distinguishable  by 
their  size,  color,  and  other  characteristics.  Some 
progress  has  been  made  in  this  area  for  Douglas- 
fir  (Allen  1960,  1961;  Heit  1968),  and  several 
species  of  Abies  (Franklin  and  Greathouse 
1968). 
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Figure  8. — Relationship  of  seed  moisture  content  to 
meter  scale  on  an  electronic  moisture  meter  (from 
Bonner,  1972a). 

POTENTIAL  GERMINATION 

Of  all  the  quality  measurements  of  seed  lots, 
none  is  more  important  than  the  potential  ger- 

mination of  the  seeds.  This  information  is  the 
deciding  factor  on  value  of  the  seed  lot;  on 
whether  to  use  the  seed  this  year  or  store  it  for 
another  year ;  or  on  what  the  seeding  rate  will 
be  in  the  nursery  bed.  Potential  germination 
may  be  measured  directly  by  germinating  rep- 

resentative samples  of  the  seed  under  standard, 
controlled  conditions,  or  it  may  be  estimated  by 
various  tests  for  seed  viability  when  time  or 
facilities  are  limited. 

Germination  Tests 
The  most  reliable  method  of  determining  po- 

tential germination  is  to  germinate  a  represen- 
tative sample  of  the  seed  lot.  The  testing  philos- 

phy  of  both  AOSA  and  ISTA  is  to  use  the  most 
ideal  environmental  conditions  that  are  possible 
and  practical,  so  that  test  results  reflect  the 
highest  potential  germination.  In  this  manner 
laboratory  tests  are  standardized,  and  the  re- 

lationship of  laboratory  results  to  field  perform- 
ance is  decided  by  the  user  for  each  location  and 

circumstance. 
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Figure  9. — Scale  for  converting  moisture  content  from  a  percentage  of  dry  weight  to  a  percentage  of  wet  weight 
or  vice  versa   (from  Roberts  and  Roberts  1972). 
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Seeds  from  the  pure  seed  component  of  the 
purity  test  are  used  in  germination  tests.  In  the 
absence  of  a  purity  test,  seeds  from  a  represen- 

tative sample  may  be  used  when  the  estimated 
purity  is  98  percent  and  above.  When  purity  is 
estimated  at  less  than  98  percent,  pure  seed 
must  be  separated  out  for  the  germination  test 
(AOSA  1970a).  At  least  400  seeds  should  be 
used  in  each  test,  normally  in  4  replicates  of 
100  seeds  each.  When  100  seeds  overcrowd  the 
test  substratum,  the  replicates  may  be  broken 
up  into  smaller  replicates  of  50  or  25  seeds  each. 

Other  than  equipment  for  counting  seeds, 
which  has  already  been  mentioned,  and  minor 
items,  such  as  forceps,  sprinklers,  and  good 
lighting,  the  only  major  requirement  for  testing 
germination  is  a  controlled  environment.  Most 
laboratories  in  the  United  States  use  cabinet- 
type  germinators  which  hold  a  number  of  shal- 

low trays  (fig.  10).  Manj^  types  are  available 
commercially  that  are  capable  of  maintaining 
proper  temperature,  humidity,  and  light  con- 
ditions. 

Maintenance  of  high  humidity  is  especially 
important  when  seeds  are  germinated  on  top  of 

u 

Figure  10. — A  large  cabinet  germinator  with  a  56-tray 
capacity  (28  on  each  side). 

moist  blotters.  Cabinet  germinators  should  also 
have  good  flourescent  lighting  and  gentle  air 
circulation  to  provide  a  uniform  temperature 
and  humidity.  Automatic  cycling  of  alternating 
day-night  temperatures  is  very  useful,  but  not 
essential.  Additional  features  and  advantages 
of  cabinet  germinators  have  been  discussed  by 
Justice  (1972)  and  Oomen  and  Koppe  (1969). 

Walk-in  germination  rooms  are  used  for  test- 
ing on  a  large  scale.  Special  provisions  must  be 

made  to  avoid  temperature  and  humidity  strati- 
fication in  walk-in  germinators,  but  the  air  must 

circulate  slowly  to  prevent  drying.  Low  humid- 
ity and  drying  of  substrata  can  be  a  problem 

when  only  a  few  tests  are  underway  (Justice 1972). 

The  Jacobsen  apparatus  (Copenhagen  table) 
is  the  most  common  germinator  in  European 
laboratories.  Temperature  is  controlled  by  water 
circulating  in  stainless  steel  strips  under  the 
substrata.  Inverted  funnels  are  placed  over  the 
seeds  to  help  maintain  humidity.  Disadvantages 
of  the  Jacobsen  apparatus  include  an  enormous 
floor  space  requirement  and  less  than  satis- 

factory uniformity  in  temperature  and  humidity 
(Oomen  and  Koppe  1969). 

In  the  past,  many  germination  tests  were 
carried  out  in  flats  of  sand,  peat,  or  sand-peat 
mixtures  on  greenhouse  benches.  While  such 
tests  have  certain  advantages  for  large  seeds, 
like  hickory  and  walnut,  indoor  equipment  that 
maintains  close  control  of  test  conditions  is 
much  superior  to  greenhouse  bench  testing. 

Substrata  for  germination  tests  must  meet 
the  following  requirements:  (a)  nontoxic  to 
the  germinating  seedling,  (b)  relatively  free  of 
molds,  other  microorganisms,  and  their  spores, 
and  (c)  provide  adequate  aeration  and  moisture 
for  germinating  seeds  (Justice  1972).  Natural 
substrata  (sand,  peat,  etc.)  were  formerly  most 
common  in  tree  and  shrub  seed  testing,  but  as 
cabinet  germinators  have  become  more  common, 
paper  substrata  have  become  very  popular. 

The  best  paper  substrata  are  germination 
blotters  (dark  blue  or  gray),  paper  towelling, 
laboratory  filter  paper,  and  creped  cellulose 
paper  wadding,  such  as  Kimpak.  Any  paper 
substrata  not  manufactured  specifically  for 
seed  germination  should  be  checked  for  presence 
of  chemicals  that  are  toxic  to  germinating  seeds. 
Small  light-requiring  seeds  are  tested  on  the 
surface  of  blotters  (1  or  2  layers)  and  filter 
paper  (2  or  3  layers).  Filter  paper  or  blotter 
paper  can  be  used  in  Petri  dishes  with  the  very 
small  seeds  of  cottonwood  (Popidns)  and  willow 
(Salix).  Seeds  without  a  specific  light  require- 

ment may  also  be  germinated  without  cover,  or 
they  may  be  covered  with  another  layer  of 
blotter  or  paper.  This  layer  helps  maintain  a 
moist  environment,  but  care  must  be  taken 
not  to  restrict  aeration. 
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A  major  disadvantage  of  paper  substrata  is 
their  tendency  to  favor  spread  of  fungi.  The 
problem  can  be  reduced  by  spacing  seeds  widely, 
by  frequently  removing  infected  and  dead  seeds, 
and  by  moving  ungerminated  seeds  onto  clean 
paper  at  intervals  during  the  test  (MacKay 
1972). 

Paper  towels  and  creped  wadding  are  excel- 
lent substrata  for  larger  seeds.  Towels  can  be 

folded  over  the  seeds  or  rolled  up  in  2  or  3 
layers  and  placed  vertically  in  the  germinator. 
This  latter  method  is  called  the  "roll  test"  and  is 
commonly  used  on  cereal  grains.  Large  tree 
seeds,  such  as  the  acorns  of  oak  (Que reus)  do 
very  v/ell  on  creped  wadding.  This  material 
holds  moisture  well  and  supplies  it  evenly  to 
the  seeds.  Creped  wadding  also  can  be  placed 
underneath  blotters  on  trays  to  ensure  an  evenly 
moist  blotter. 

Other  suitable  substrata  are  washed,  non- 
alkaline  sand,  sponge  rok,  expanded  mica  (ver- 
miculite  and  terralite),  perlite,  and  peat  moss. 
Mixtures  of  equal  parts  of  sand  and  peat  moss, 
or  of  sand  and  vermiculite  are  also  used.  These 
mixtures  are  very  popular  for  large  seeds  or 
for  species  that  require  long  pretreatments  and 
long  test  periods.  Fungi  are  less  of  a  problem  in 
sand  and  sand  mixtures  than  on  paper.  When 
testing  seeds  treated  with  repellents,  a  sand- 
perlite  mixture  is  better  than  creped  wadding. 
Repellent  chemicals  will  leach  away  from  the 
seeds  in  a  sand-perlite  mixture,  but  they  will 
remain  with  the  seed  on  creped  wadding  and 
damage  the  emerging  radicle. 
When  natural  substrata  are  used,  the  seeds 

should  be  covered  loosely  with  the  material.  A 
depth  equal  to  the  diameter  of  the  seeds  is  a 
good  rule  of  thumlx  The  best  particle  size  for 
sand  is  between  0.05  and  0.08  mm  in  diameter 
(Justice  1972).  A  pH  of  6.0  to  7.5  is  recom- 

mended (1ST A  1966).  Sand  should  be  washed 
free  of  organic  matter  after  use  and  sterilized 
before  reuse. 

Some  laboratories  combine  different  substrata 

by  using  a  layer  of  wet  sponge  rok  beneath  ger- 
mination blotters.  This  arrangement  helps  keep 

the  blotter  uniformly  moist. 

The  test  substratum  must  be  kept  moist 
enough  at  all  times  to  supply  the  necessary 
moisture  for  germination,  but  excessive  mois- 

ture will  restrict  aeration,  favor  damping-off, 
and  inhibit  germination.  For  most  seeds  paper 
substrata  should  not  be  so  wet  that  a  film  of 

water  forms  around  the  seeds,  or  that,  by  press- 
ing, a  film  of  water  forms  on  the  finger.  In  sand 

a  desirable  moisture  level  for  some  seeds  is  50 

to  60  percent  of  the  water-holding  capacity 
(ISTA  1966).  If  high  humidity  is  not  main- 

tained in  the  test  environment,  small  amounts 
of  water  must  be  added  periodically. 

Alternating  temperatures  to  simulate  a  day- 
night  cycle  are  best  for  germinating  most  tree 
and  shrub  species.  The  high  temperature  is  held 
for  approximately  8  hours  and  the  low  tempera- 

ture for  approximately  16  hours  per  day.  The 
most  common  testing  temperature  is  an  alter- 

nating 68'^-86  F.  (20-30°  C).  Over  70  per- 
cent of  the  tree  and  shrub  species  listed  in  the 

AOSA  rules  may  be  tested  at  this  temperature. 
Some  species  germinate  better  at  alternating 

temperatures  lower  than  68°-86°  F.  Examples 
are  Coulter  pine  (Pi)nis  eonlteri  D.  Don)  at 
59"-77'"  F.  and  multiflora  rose  (Rosa  niultiflora 
Thunb.)  at  50-86  F.  Many  species  germinate 
readily  at  a  constant  low  temperature.  Some  of 
the  maples  (Aeer)  and  eastern  hemlock  (Tsuga 
eanadensis  (L.)  Carr.),  for  example,  germinate 

readily  at  59"  F.  Radicle  emergence  occurs  dur- 
ing cold  stratification  at  36"  F.  on  seeds  of  sev- 
eral hardwood  species  including  sugar  maple 

{Acer  saccharum  Marsh.)  (Carl  and  Yawney 
1966)  and  several  species  of  cherry  (Prunus). 
Secondary  dormancy  may  be  induced  in  cherry 
seeds  when  they  are  moved  from  cold  stratifica- 

tion to  a  warmer  temperature  before  the  rad- 
icles start  to  emerge  (Suszka  1967). 

Light  is  required  for  germination  of  many 
species  and  facilitates  the  germination  of  oth- 

ers. All  species  of  seeds  should  be  exposed  to 
a  daily  light  period  during  germination  tests 
unless  continuous  darkness  is  specified.  Light 
from  daylight  fluorescent  tubes  is  very  good  in 
lieu  of  natural  daylight,  and  is  even  better  in 
seed  testing  because  of  uniformity.  An  intensity 
of  75  to  150  foot-candles  is  best  with  variation 
not  over  ±25  foot-candles  (Justice  1972).  Light 
should  be  supplied  during  the  8-hour  high  tem- 

perature period  of  the  diurnal  alteration.  For 
exposure  to  light,  seeds  should  be  placed  either 
on  top  of  the  substratum  without  cover,  or 
germinated  in  clear  plastic  boxes  or  dishes. 

Counting  boards  and  vacuum  counters  are 

very  helpful  in  spacing  the  seeds  on  the  sub- 
stratum. Proper  spacing  is  very  important  to 

prevent  the  spread  of  fungi,  especially  with 
large  seeds.  One  general  recommendation  is  to 
allow  1.5  to  5  times  the  normal  seed  width  (or 
diameter)  between  seeds  in  a  test  (Justice 1972). 

When  stratification  or  other  pregermination 
treatments  are  prescribed,  time  must  be  allowed 
for  them  in  the  test  schedule.  Stratification  in- 

volves soaking  the  seeds  in  water  and  placing 
them  on  the  test  substratum  at  a  prescribed  pre- 
chill  temperature  for  a  specified  period  (Chapter 
VI).  When  stratification  is  completed,  seed,  sub- 

stratum, and  container  can  be  moved  as  a  unit 
to  the  germination  environment. 

In  ofl^cial  testing,  germination  is  defined  as 
the  emergence  and  development  from  the  seed 
embryo  of  those  essential  structures  which,  for 
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the  kind  of  seed  in  question,  are  indicative  of 
the  ability  to  produce  a  normal  plant  under 
favorable  conditions  (AOSA  1970a).  The  first 
germination  count  is  normally  made  after  7  days 
(3  days  for  Populus),  and  succeeding  counts  are 
made  at  the  discretion  of  the  analyst.  To  meas- 

ure speed  of  germination,  counts  must  be  made 
every  2  or  3  days,  or  even  less  for  some  species. 

At  each  count  the  number  of  normal  seedlings 
is  recorded,  and  those  seedlings  are  removed. 
Seeds  which  have  epigeal  germination  may  be 
counted  as  normal  when  the  radicle  is  four 

times  the  length  of  the  seed,  provided  all  struc- 
tures appear  normal.  Seedlings  infected  or  dam- 
aged by  bacteria  or  fungi  may  be  counted  as 

normal  if  they  are  otherwise  normal,  and  the 
infection  has  not  originated  from  within  the 
seed. 

Seeds  that  germinate  abnormally  are  not  in- 
cluded in  the  germination  count.  Some  labora- 

tories report  the  percent  of  abnormal  germina- 
tion, and  it  should  always  be  reported  if  it  is 

extensive.  Some  of  the  common  abnormalities 
are  weak,  rootless,  or  broken  seedlings ;  stunted 
radicles;  radicles  growing  upward;  cotyledons 
emerging  before  the  radicles ;  and  albino  or 
translucent  seedlings.  These  and  other  types  of 
abnormalities  are  described  by  Heit  (1961), 
ISTA  (1966),  and  AOSA  (1970a). 

Test  duration  varies  between  species,  but  3 
or  4  weeks  is  long  enough  for  most  tree  and 
shrub  seeds.  Species  with  deep  dormancy  fre- 

quently require  a  60-day  or  longer  test,  but  if 
the  pretreatment  is  effective,  30  days  should  be 
enough.  At  the  end  of  the  test  period,  all  remain- 

ing seeds  should  be  cut  and  examined  for  any 
fresh,  firm,  possibly  viable  seed.  The  number  of 
firm,  ungerminated  seeds  remaining  is  com- 

monly added  to  the  number  germinated  to  give 
a  percent  of  full  seed  in  the  sample.  If  large 
numbers  of  full,  ungerminated  seeds  remain, 
either  pretreatment,  germination  environment, 
or  both  should  probably  be  changed. 

If  the  remaining  ungerminated  seeds  include 
hard  seeds  that  have  not  absorbed  water  because 
of  impermeable  seedcoats,  they  should  be  scari- 

fied by  clipping  or  by  filing  the  seedcoat  or  by 
treating  with  sulfuric  acid  and  then  returned 
to  test  conditions  for  an  additional  period.  Seeds 
of  Leguminosae,  including  those  of  black  locust 
(Robinia  'pseudoacaeia  L.)  and  redbud  (Cercis 
canadensis  L.)  are  typical  examples. 

Retesting  is  necessary  when  an  extremely 
high  percentage  of  full,  ungerminated  seed  is 
left  at  the  end  of  the  test,  or  when  variation 
among  test  replicates  exceeds  the  accepted  toler- 

ances. In  the  first  case,  retesting  is  to  be  done 
with  a  different  pretreatment  to  try  to  improve 
total  germination.  The  seedsman  should  not  ob- 

ject to  the  extra  time  involved  in  retesting,  be- 
cause it  may  show  him  a  better  pretreatment 

that  could  grealy  increase  the  value  of  his  seeds 
or  allow  him  to  lower  his  planting  rate.  Under 
the  second  condition,  the  same  testing  proce- 

dures are  used  with  perhaps  greater  care  to 
reduce  variation. 

Germination  tolerance  is  the  allowable  differ- 
ence between  replicates  of  a  test.  It  represents 

the  expected  variation  from  incomplete  mixing 
of  the  seed  lot,  sampling  variation,  and  uncon- 

trolled difference  in  test  conditions.  The  toler- 
ances table  2  are  based  on  years  of  testing 

practice  (AOSA  1970a). 

Table  2. — Germination  tolerances  between  U  or 
^nore  replications  of  100  seeds  each  (adapt- 

ed from  AOSA  1970a) 

Mean  germination 

Tolerance range 

between 

replications 
Percent  Percent 

96  or  over-      _      5 
90  or  over  but  less  than  96    6 
80  or  over  but  less  than  90    7 
70  or  over  but  less  than  80    8 
60  or  over  but  less  than  70    9 
Less  than  60    10 

Rapid  Tests  for  Viability 
Seed  analysts  have  always  searched  for  a 

rapid  and  reliable  test  for  seed  viability  that 
would  eliminate  the  long  germination  test,  espe- 

cially for  dormant  species  that  require  a  long 
prechill.  Rapid  estimates  of  viability  can  also 
be  valuable  in  situations  where  facilities  are 
not  available  for  proper  germination  tests. 
Many  methods  of  estimating  viability  have  been 
examined,  and  two  are  now  recognized  as  official 
testing  procedures :  embryo  excision  and  tetra- 
zolium  staining.  There  are  a  few  tree  and  shrub 
seeds  for  which  suitable  direct  germination 
tests  have  not  been  developed.  Indirect  tests 
must  be  used  in  those  cases  (AOSA  1970a,  ISTA 1966). 

A  cutting  test  is  the  simplest  of  all  viability 
tests,  but  it  is  the  least  reliable.  Seeds  are  cut 
open,  and  those  with  fully  grown,  firm,  undam- 

aged, healthy  looking  tissue  with  the  proper 
color  are  judged  as  viable.  Judged  as  nonviable 
are  seeds  with  milky,  unfirm,  moldy,  decayed, 
shriveled,  or  rancid  smelling  embryos  and  abor- 

tive seeds  that  have  no  embryo.  The  biggest 
drawback  of  the  cutting  test  is  the  inability  to 
distinguish  seeds  injured  during  handling  or 
seeds  which  have  died  during  storage. 

On  the  other  hand,  the  cutting  test  is  useful 
during  seed  collection  and  processing.  The  stage 
of  seed  development  can  be  checked  by  cutting 
through  the  seeds  before  they  are  mature.  Seeds 
can  be  spot-checked  when  first  collected  to  esti- 
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mate  the  seed  crop  potential;  if  low,  more  col- 
lections can  be  scheduled  (Chapter  V).  Samples 

taken  during  processing  can  be  cut  to  determine 
the  proportion  of  empty  seeds  that  is  being 
removed.  Examination  of  ungerminated  seeds  at 
the  end  of  a  germination  test  also  involves  cut- 

ting. But  the  cutting  test  is  never  a  substitute 
for  a  valid  germination  test. 

Biochemical  staining  tests  have  been  devel- 
oped that  visibly  stain  viable  seeds,  but  do  not 

stain  nonviable  seeds.  Early  studies  made  use 
of  many  types  of  stains,  particularly  salts  of 
selenium  and  tellurium  (Baldwin  1942),  but  a 
method  with  tetrazolium  salts,  developed  by 
Lakon  in  Germany,  has  proved  to  be  the  most 
successful  (Moore  1969).  Tellurium  salts  are 
still  used  in  Japan  for  viability  stains  (Asakawa 
1970).  The  tetrazolium  (TZ)  test  has  found 
partial  acceptance  in  agricultural  seed  testing 
as  a  test  for  quality,  but  its  usefulness  as  a 
quick  test  for  viability  of  dormant  tree  and 
shrub  seeds  has  long  been  recognized.  Testing 
rules  of  both  ISTA  and  AOSA  include  TZ  tests 
for  ash  (Fra.viuus),  apple  (Mains),  cherry 
(Primus),  and  pear  (Piirns).  ISTA  allows  TZ 
tests  on  many  more  species.  Official  reports 

identify  test  results  as  "viability  determined  by 
a  tetrazolium  test." 

The  tetrazolium  salt  most  commonly  used  is 
2,  3.  5-triphenyltetrazolium  chloride,  but  others 
can  be  used.  In  solution  it  is  colorless,  but  in  liv- 

ing cells  the  tetrazolium  is  reduced  by  dehydro- 
genase enzymes  to  form  a  stable,  red  triphenyl- 

formazan  which  is  insoluble  in  water.  Dead 
tissue  does  not  stain,  and  the  localization  and 
proportion  of  necrotic  tissue,  not  color  intensity, 
is  the  key  to  classification  of  seeds  as  viable  or 
nonviable.  Another  vital  stain,  indigo  carmine 
reacts  differently  by  staining  dead  tissue  blue 
while  live  tissue  does  not  stain.  Indigo  carmine 
has  been  used  to  some  extent  with  tree  seeds 
(Moore  1969,  Kamra  1972a). 

In  practice,  seeds  are  usually  soaked  in  water 
for  18  to  20  hours,  then  seedcoats  are  cut  or 
punctured  to  facilitate  entry  of  the  TZ  solution. 
The  seeds  are  immersed  in  a  1-percent  aqueous 
solution  of  tetrazolium  chloride  or  bromide 

(pH  6.5-7.0)  and  left  in  the  dark  at  86°  F. 
(30°  C.)  for  up  to  48  hours.  In  general,  seeds 
with  completely  stained  embryos  and  certain 
other  tissues  are  scored  as  viable.  Detailed  in- 

structions and  guidelines  for  evaluation  of  TZ 
on  tree  and  shrub  seeds  mav  be  found  in  ISTA 
(1966),  Moore  (1971),  and  Schubert  (1967). 
Instructions  for  agricultural  seeds  have  been 
published  by  AOSA  (1970b). 

Speed  is  the  big  advantage  of  the  TZ  test. 
Disadvantages  are  the  difficulty  in  getting  pene- 

tration into  some  seeds;  lack  of  uniformity  in 
staining;  failure  to  detect  phytotoxicity  caused 
by  seed  dressings   (MacKay  1972)  ;  failure  to 

detect  seeds  that  will  germinate  abnormally 
(Schubert  1961)  ;  and  difficulty  in  interpreta- 

tion of  different  degrees  of  staining  (Justice 
1972).  Even  with  these  disadvantages,  which 
are  even  greater  for  the  inexperienced  analyst, 
TZ  tests  can  give  valuable  information  on  the 
viability  of  seeds. 

The  culture  of  excised  embryos  provides  an- 
other quick  test  of  viability.  Seedcoats  are  soft- 

ened by  soaking  the  seeds  in  water  for  about 
24  hours.  The  seedcoats,  and  endosperm  if  pres- 

ent, are  then  cut,  and  the  embryo  is  very  care- 
fully removed  with  the  aid  of  scalpel  and  dissect- 

ing needles.  The  excised  embryos  are  cultured 
on  moist  filter  or  blotter  paper  in  covered  dishes 

under  light  for  10  to  14  days  at  64°  to  68°  F. 
(18°  to  20°  C).  Viable  embryos  remain  firm 
and  white,  begin  growth,  or  turn  green  within 
this  period,  while  dead  ones  turn  dark  or  be- 

come covered  with  mold.  More  details  have  been 
published  by  Flemion  (1948)  and  Heit  (1955). 

The  excised  embryo  test  is  recommended  for 

seeds  of  barberries  (^Se r 6 f  ?■?'.§),  bittersweet  (Ce- 
ktstrus),  and  several  species  of  pines  (Pinus). 
It  is  permitted  as  an  alternate  method  on  seeds 

of  maple  (Acei'),  ash  (Fraxvius),  apple 
(Mains),  and  several  other  species  of  pines 
(AOSA  1970a).  Like  TZ,  the  excised  embryo 
test  is  quicker  than  standard  germination  tests. 
Excising  embryos  without  damage  is  very  diffi- 

cult, however,  and  requires  skilled  personnel  for 
accurate  interpretation  of  test  results. 

Although  X-rays  were  used  as  early  as  1903 
to  examine  seeds  in  cones  to  determine  proper 
collection  time  (Lundstrom  1903,  cited  by  Simak 
and  Gustafsson  1953),  the  potential  of  soft 
X-rays  for  estimating  seed  viability  and  quality 
was  not  generally  utilized  until  50  years  later. 
In  the  early  work,  seed  radiographs  were  used 
to  determine  full,  empty,  and  abnormal  seeds 
(Simak  and  Gustafsson  1953). 

Development  of  contrast  techniques  (Simak 
1957)  greatly  expanded  the  testing  capabilities 
of  X-rays.  In  X-i-ay  contrast  methods  seeds 
are  soaked  in  solutions  of  heavy-metal  salts, 
such  as  barium  chloride,  or  iodine  compounds. 
The  barium  or  iodine  penetrates  dead  or  badly 
damaged  tissues,  but  not  living  cells.  The  im- 

pregnated dead  tissue  appears  as  more  radio- 
opaque  than  live  tissue  on  the  radiograph,  and 
viability  judgment  is  greatly  enhanced.  Contrast 
techniques  can  also  be  used  to  show  damaged 
tissues  and  cracks  in  seedcoats  which  are  the 
result  of  processing  damage  (Belcher  1968). 

X-ray  tests  are  faster  even  than  TZ,  espe- 
cially if  Polaroid  film  is  used  for  the  radio- 

graphs. A  positive  X-ray  picture  can  be  obtained 
in  15  seconds  after  irradiation  with  Polaroid 
film.  These  films  lack  the  resolution  of  higher 
quality  industrial  films,  but  full  and  empty 
seeds    of   large-seeded   species    can    be    distin- 
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guished.  Good  correlations  between  X-ray  con- 
trast estimates  and  actual  germination  counts 

have  been  reported  for  Norway  spruce  (Picea 
abies  (L.)  Karst)  and  Scotch  pine  {Pinus  syl- 
vestris  L.)  (Kamra  1971,  1972a,  1972b).  These 
tests  also  indicated  that  X-ray  contrast  was 
more  reliable  than  TZ  or  indigo  carbine  staining. 
Disadvantages  of  X-ray  tests  are  the  need  for 
specialized  equipment  that  is  moderately  expen- 

sive and  the  difficulty  of  interpreting  radio- 
graphs (not  unlike  interpretation  of  TZ  tests). 

Reviews  of  techniques  and  other  work  with  tree 
seeds  have  been  published  by  Kriebel  (1965) 
and  Belcher  (1968). 

At  the  present  time  the  greatest  value  of 
X-ray  testing  is  for  a  rapid  estimate  of  viability 
(fig.  11)  and  for  detecting  gross  anatomical  fea- 

tures, insect  damage,  and  processing  damage. 
Hydrogen  peroxide  (H2O2)  has  a  stimulating 

effect  on  seed  germination  and  has  been  used  in 
a  rapid  test  for  germination  of  several  western 
conifers  (Ching  and  Parker  1958).  The  Oregon 
State  Seed  Laboratory  currently  uses  the  hy- 

drogen peroxide  test  as  a  supplemental  quick 

Figure  11. — Radiograph  of  black  walnuts  {Juglans 
nigra  h.) .  The  two  upper  nuts  are  good;  some  details 
of  the  kernels  and  the  embryonic  axes  (white  arrows) 
can  be  seen.  The  two  nuts  at  the  lower  left  are 
empty.  The  nut  at  the  lower  right  has  an  embryo,  but 
its  condition  is  uncertain. 

test  for  conifer  seeds,  when  the  customer  spe- 
cifically requests  it. 

Seeds  are  first  soaked  overnight  in  1  percent 
HoOo.  The  seedcoat  is  then  cut  open  to  expose 
the  radicle  tip,  and  the  seeds  are  put  back 
into  1  percent  H2O0  in  the  dark  at  alternating 
temperatures  (68°-86'  F.).  After  3  or  4  days 
seedlings  with  noticeable  root  growth  are  re- 

moved and  counted,  and  the  other  seeds  are 
given  fresh  H^O^.  After  7  or  8  days  the  test  is 
stopped,  and  viability  is  determined  by  length 
of  the  root  growth.  (]^rowth  of  5  mm  and  more 

is  scored  "evident,"  0  to  5  mm  "slight,"  and  no 
growth  means  a  nonviable  or  empty  seed  (Dan- 
ielson  1972). 

The  H2O2  test  is  quicker  than  standard  ger- 
mination tests,  especially  when  dealing  with 

dormant  lots,  and  an  actual  measure  of  growth 
is  involved.  It  is  simpler  to  perform  than  the 
excised  embryo  test,  and  easier  to  interpret 
than  TZ.  Disadvantages  of  the  H2O2  test  are  that 
it  is  not  nearly  as  quick  as  TZ,  and  although 
growth  is  involved,  it  cannot  fully  substitute 
for  an  actual  germination  test. 

VIGOR 
No  matter  how  carefully  a  germination  test  is 

performed,  some  features  of  seed  lot  quality  are 
not  reflected  by  the  final  germination  percent. 
These  features  are  related  to  rapid  germination, 
germination  under  adverse  conditions,  resist- 

ance to  microorganisms,  and  other  factors,  all 
of  which  are  often  loosely  defined  as  seed 
"vigor."  The  germinative  capacity  of  two  seed 
lots  may  be  equal,  but  their  performance  during 
the  test  may  be  quite  different  as  illustrated 
in  figure  12.  Both  lots  have  the  same  germina- 

tive capacity,  but  Lot  A  achieved  maximum  ger- 

<     40 

8  12  16  20 

TEST    PERIOD    (DAYS) 

28 

Figure  12. — Cumulative  germination  curves  for  two 
lots  of  sweetgum  (Liqiddamher  styraciflua  L.).  Lot 

A  is  appai'ently  of  higher  quality  than  Lot  B.  (au- 
thor's original  data). 
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mination  faster  than  Lot  B.  This  difference 
between  lots  represents  a  difference  in  vigor. 
Although  vigor  has  not  been  satisfactorily  de- 

fined, there  are  ways  to  measure  it. 

Speed  of  Germination 
The  traditional  means  of  expressing  vigor  in 

tree  and  shrub  seeds  has  been  "germinative  en- 
ergy." This  term  has  been  defined  and  measured 

in  several  ways  but  the  most  common  definition 
is  the  percent  germination  at  the  peak  rate  of 
germination.  One  obvious  disadvantage  of  such 
an  expression  is  that  different  time  periods  will 
be  involved,  and  valid  comparisons  between  spe- 

cies (or  even  between  seed  lots)  will  be  difficult. 
Furthermore,  on  slowly  germinating  lots,  such 
as  Lot  B  in  figure  12,  the  selection  of  peak 
germination  rate  can  be  diflficult.  This  concept 
of  germinative  energy  has  been  largely  dis- 

carded by  seed  technologists  (Heydecker  1972). 
Other  expressions  of  germination  rate  have 

been  used  such  as  the  number  of  days  required 
for  a  certain  proportion  (50,  75,  or  90  percent) 
of  total  germination  to  occur.  Germination 
value  (GV)  (Czabator  1962)  has  been  used 
with  the  southern  pines  (Barnett  1971)  and 
other  species  (Ganguli  1966).  Other  mathemati- 

cal expressions  of  germination  rate  (Nichols 
and  Heydecker  1968)  have  been  used  in  re- 
search. 

Seedling  Growth 
A  number  of  vigor  tests  for  agricultural  seeds 

are  based  on  seedling  appearance  and  early 
growth  under  favorable  or  stressful  conditions 
(Heydecker  1969).  Although  most  of  these  tests 
are  still  mainly  research  tools,  the  cold  test  for 

corn  (Isely  1950,  Clai'k  1954)  is  widely  used  by 
seed  analysts  in  the  United  States.  In  the  cold 
test  seeds  are  planted  in  unsterilized  soil  and 

subjected  to  10  '  C.  for  5  to  7  days  and  then 
30°  C.  for  a  longer  period.  The  application  of 
this  type  of  vigor  test  to  tree  seeds  is  practically 
unexplored. 

Indirect  Indices 

As  in  viability  testing,  the  lure  of  a  rapid 
test  for  seed  vigor  has  stimulated  research  in 
this  area.  Two  methods,  tetrazolium   staining 
and   X-ray  examination,   have  been   discussed 
previously  as  rapid  methods  for  determining 

(  viability.  X-rays  have  only  limited  value  as  a 
!  vigor  test  because  the  physiological  condition 
of  the  seeds  cannot  be  determined.  TZ  staining 
has  been  used  as  a  vigor  test  to  a  limited  extent 

t  on  tree  seeds  (Moore  1971).  Live  seeds  can  be 
■:  divided    into   several    vigor   classes,    based    on 
;  partial  staining  or  location  of  dead  and  dam- 

aged   tissues.    Standardized    interpretation    of 
staining  remains  the  major  problem  for  TZ. 

Other  biochemical  tests  for  vigor  have  been 
tried.  Glutamic  acid  decarboxylase  activity 
(GADA  test)  has  shown  promise  in  grain  seeds 

(Grabe  1964),  and  the  author's  preliminary 
studies  suggest  that  it  can  be  used  with  some 
tree  seeds.  Seed  respiration,  expressed  as  oxy- 

gen uptake  or  respiratory  quotient  (RQ)  in  the 
first  hours  of  imbibition,  has  been  proposed  as 
a  good  index  of  seed  vigor  (Woodstock  1969). 

Other  possibilities  for  rapid  vigor  tests  as 
well  as  comprehensive  reviews  of  the  concept  of 
seed  vigor  and  its  measurement  can  be  found 
in  Heydecker  (1969,  1972),  and  Pollock  and 
Roos  (1972). 

INTERPRETING  AND  APPLYING 
TEST  RESULTS 

After  nurserymen  and  seedsmen  draw  and 

submit  their  samples,  their  next  direct  involve- 
ment in  the  seed  testing  process  is  the  interpre- 

tation and  application  of  test  results.  The  seed 
analyst  may  tell  them  all  the  characteristics  of 
their  seed  lots,  but  the  analyst  cannot  prescribe 
what  action  to  take  as  a  result  of  his  informa- 

tion. Foremost  in  the  interpretation  should  be 
the  realization  that  laboratory  te.st  results  are 
almost  always  higher  than  germination  in  the 
field  or  nursery.  This  difference  naturally  re- 

sults from  using  favorable  environmental  con- 
ditions for  laboratory  testing  as  opposed  to 

more  stressful  field  environment.  Nursery  ger- 
mination should  be  close  to  laboratory  germina- 

tion for  rapidly  germinating  seeds  of  high 
quality,  but  the  difference  between  the  two 
values  will  increase  as  seed  quality  decreases. 
Occasionally  nursery  germination  will  exceed 
laboratory  germination,  which  may  indicate 
that  improved  testing  methods  are  needed 
(Stein  1967). 

A  consistent  relationship  between  laboratory 
germination  and  nursery  germination  is  impos- 

sible to  calculate  for  all  conditions.  Nursery 
environments  and  practices  differ,  and  the  re- 

lationship changes  as  they  change.  Nursery  ger- 
mination may  average  95,  80,  75,  or  as  low  as  50 

percent  of  laboratory  germination  for  individual 
species.  The  nurseryman  must  be  aware  of  this 
difference  under  his  conditions,  and  through 
experience  he  must  develop  his  own  nursery 
germination  correction  factor. 

For  each  of  his  seed  lots,  a  nurseryman  must 
determine  the  proportion  of  viable  seeds  sown 
that  is  likely  to  produce  plantable  seedlings  at 
the  time  of  lifting.  This  factor,  commonly  called 
tree  pereeiit,  is  based  on  both  expected  nursery 
germination  and  seedling  survival  in  the  beds. 
Losses  from  climatic  stresses  and  predator  or 
disease  damage  may  cause  variation  in  tree  per- 

cent from  year  to  year.  A  common  error  is  to 
underestimate  it  and  sow  too  heavily.  Steps  to 
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improve  estimates  of  tree  percent  have  been 
suggested  by  Wilson  (1969). 

Many  seedsmen  combine  purity  and  germina- 
tion test  results  to  obtain  a  "pure  live  seed" 

(PLS)  value.  PLS  is  obtained  by  multiplying 
the  purity  percentage  by  the  germination  per- 

centage and  dividing  by  100.  The  resulting  value 
is  the  percent  of  the  seed  lot  by  weight  that  will 
germinate.  PLS  can  be  very  useful  in  seed  sales 
for  determination  of  the  cost  per  pound  of 
good  seed  in  a  lot.  The  term  is  commonly  used 
in  sale  contracts  in  the  Pacific  Northwest.  PLS 
can  also  be  used  in  calculating  sowing  rates. 

The  most  important  application  of  testing 
results  for  the  nurseryman  is  the  calculation 
of  sowing  rate.  The  nurseryman  can  take  lab- 

oratory test  results ;  plug  in  his  desired  seedling 
density ;  and  use  expected  tree  percent  to  arrive 
at  the  amount  of  seed  to  sow  per  unit  of  nursery 
bed  area.  Several  methods  of  calculating  sowing 
rate  can  be  used,  but  commonly  used  formula  is 
as  follows: 

W  = 
(A)  (d) 

(n)  (V)  (g)  (t) 
where  W  =  weight  of  seed  in  pounds,  required 

for  the  bed  unit 
A  =  area  of  bed  unit  in  square  feet 
d  =  desired    final    seedling    density    in 

number  per  square  foot 
n  =  number  of  seed  per  pound  deter- 

mined at  time  of  sowing 
_  percent  purity 

9  = 
t  = 

100 

percent  germination 
100 

expected  tree  percent 

In  this  formula. 

100 

pure  live  seed  (PLS) 
100 may  be 

substituted  for  (p)  (g). 
As  an  example,  the  amount  of  seed  (W)  to 

sow  in  a  400  square  foot  bed  (A)  to  get  a 
density  (d)  of  20  seedlings  per  square  foot, 
with  8,000  seed  per  pound  (n) ,  96  percent  pur- 

ity (p),  88  percent  germination  (g),  and  an 
estimated  tree  percent  (t)  of  70  percent  is : 

W  = 
(400)   (20) 

(8,000)  (0.96)  (0.88)  (0.70) 

8,000 
4,731 

=  1.7  pounds 

Two  possible  sources  of  error  should  be 
pointed  out.  First,  the  number  of  seed  per  pound 
must  be  based  on  the  seed  moisture  content  at 
the  time  of  sowing.  For  stratified  seed  this 
number  will  be  much  less  than  for  dry  seed.  The 
nurseryman  may  have  to  make  a  new  determina- 

tion of  seed  per  pound  on  the  spot.  A  second 
source  of  error  could  be  poor  mixing  of  the 

seed  lot.  Uneven  bed  density  could  result  if  some 
parts  (or  containers)  of  a  given  lot  differ  in 
viability,  purity,  or  size.  Very  thorough  mixing 
of  the  entire  lot  prior  to  sowing  is  required.  If 
two  small  lots  with  differing  characteristics 
are  to  be  combined  for  some  reason,  they  must 
be  thoroughly  blended  to  obtain  even  bed density. 

Calculations  of  sowing  rates  for  direct  seed- 
ing operations  are  complicated  by  many  other 

factors.  These  factors  and  suggested  rates  for 
direct  seeding  with  southern  pines,  are  de- 

scribed by  Derr  and  Mann  (1971). 
Seed  test  results  can  have  other  applications 

for  nurserymen  or  seedsmen.  Low  vigor  or 
quality  indicates  that  the  storage  potential  of 
the  lot  is  probably  low.  It  should  be  sown  or 
sold  immediately  before  it  deteriorates  fur- 

ther. Lots  of  higher  vigor  may  be  stored  for 
future  seed  stocks.  Similar  action  may  be  de- 

sirable if  the  report  shows  considerable  proc- 
essing damage.  Low  germination  percentage 

may  also  be  due  to  greater  dormancy  than  usual, 
so  longer  stratification  times  may  be  called  for. 

Seed  testing  has  been  the  cornerstone  of  suc- 
cessful nursery  practice.  As  tree  improvement 

programs  come  into  full  bloom  and  certification 
of  tree  seeds  becomes  commonplace,  testing  will 
be  mandatory.  Certification  requirements  in- 

clude minimum  standards  for  seed  lots,  and  con- 
formance to  these  standards  will  normally  be 

judged  by  using  procedures  specified  by  AOSA 
or  ISTA. 
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Chapter  VIII 

TREE-SEED  MARKETING  CONTROLS 

bv  Paul  O.  Rudolf  ' 

When  seeds  of  woody  plants  are  collected  by 
or  under  the  direction  of  the  user,  there  is  little 
need  for  special  marketing  controls.  In  some 
localities  sizable  quantities  of  woody-plant  seeds 
still  are  collected  by  the  user,  but  in  many  others 
the  user  must  purchase  his  seeds.  The  purchaser 
should  have  reasonable  assurance  that  the  seed 
he  buys  is  correctly  identified  as  to  species, 
variety,  origin,  and  viability,  and  that  it  is 
free  from  pests  or  other  undesirable  contami- 
nants. 

The  need  for  marketing  controls  for  woody- 
plant  seeds  will  grow  as  the  number  of  buyers 
and  users  increases,  as  more  users  demand  ac- 

curate identification  of  seed  origin,  and  as  more 
seed  reaches  the  market  from  seed-production 
areas  and  seed  orchards.  Even  now  the  woody- 
plant  seed  trade  handles  many  thousands  of 
pounds  of  seed  each  year.  In  addition  to  do- 

mestic marketing,  there  is  a  fairly  large  inter- 
national trade  in  woody-plant  seeds.  Some  ex- 

amples include  movement  of  the  seed  of  (1) 
Douglas-fir,  Sitka  spruce,  and  other  West  Coast 
species  from  the  Pacific  Northwest  and  ad- 

jacent Canada  to  Europe,  (2)  southern  pines 
from  southern  United  States  to  Latin  America, 
(3)  eucalypts  from  Australia  to  Africa  and 
South  America,  and  (4)  Scotch  pine  from  Eu- 

rope to  the  United  States. 

ASSURING  HEALTHY  SEEDS 

While  it  is  important  to  the  seed  user  that 
the  seed  he  obtains  be  of  good  viability  and 
true  to  name,  it  is  also  important  to  him  and 
the  public  that  the  seed  be  free  from  insect  or 
disease  organisms  that  might  endanger  the  seed- 

lings to  be  grown  or  other  seeds  and  plants. 
For  this  reason  we  have  plant  quarantine  reg- 

ulations that  aff"ect  the  importation  and  inter- state movement  of  seeds. 

Four  broad  categories  of  seeds  are  covei'ed  in 
plant  quarantine  import  regulations:  (1)  pro- 

hibited seeds,  (2)  restricted  seeds  subject  to 
inspection  and  fumigation  at  special  inspection 
stations,  (3)  restricted  seeds  subject  to  inspec- 

tion at  any  port  of  entry  where  plant  quarantine 
inspection  services  are  available,  and  (4)  de- 

partmental importations  (Rollin  and  Johnston 

1961).- Included  among  woody-plant  seeds  in  the 
prohibited  category  are  bamboo,  barberry, 
mahonia,  mahoberberis,  currant,  gooseberry, 
mango,  avocado,  and  others  from  many  foreign 
countries.  Most  types  of  woody-plant  seeds, 
however,  fall  into  the  second  category  and  may 
come  in  under  a  plant  quarantine  import  permit 

subject  to  inspection  and  treatment  upon  ar- 
rival in  the  United  States.  No  woody-plant  seeds 

fall  into  the  third  category  (Rollin  and  John- 
ston 1961).  Some  may  be  included  in  the  fourth 

categoi-y. 
Restricted  seeds  of  Category  2  are  treated  at 

specified  ports  of  entry  that  have  approved  fa- 
cilities for  a  particular  treatment  required.  A 

common  treatment  is  fumigation  with  methyl 
bromide  gas  at  dosages  intended  to  give  maxi- 

mum protection  against  plant  pests  with  mini- 
mum effect  on  seed  viability.  Tests  are  under- 

way to  improve  these  treatments,  because  some 
tree  seeds  have  shown  seriously  reduced  viabil- 

ity when  several  months  of  storage  followed 
fumigation,  even  though  harmful  effects  were 
not  obvious  immediately  after  treatment. 

The  United  States  has  no  plant  quarantine  re- 
quirements governing  the  exportation  of  seeds. 

However,  most  foreign  countries  have  their  own 
importation  requirements,  and  these  should  be 
checked  before  seed  is  exported.  Such  foreign 
regulations  usually  require  that  the  American 
seed  bear  a  tag  from  an  official  Federal  or  State 
inspection  agency;  some  kinds  are  prohibited. 
Plant  Quarantine  (USDA)  headquarters  office 
and  port  offices  maintain  summaries  of  plant 
quarantine  regulations  of  most  foreign  coun- 

tries. This  information  is  available  as  a  public 
service. 

Some  State  laws  regulate  the  importation  of 
seed  from  other  States.  Prospective  shippers  or 
importers  of  seed  should  check  with  their 
County  Extension  Agent  or  nearest  State  or 
Federal  seed  laboratory  concerning  applicable 
restrictions. 

'  North   Central   Forest  Exp.   Stn. Personal  correspondence  with  W.  H.  Wheeler,  1968. 
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TREE-SEED  LEGISLATION 
Many  years  ago  farmers  learned  that  they 

needed  something  stronger  than  their  individual 
negotiating  position  and  voluntary  action  of  the 
seller  to  give  them  assurance  that  the  seed  they 
bought  was  true  to  name  and  origin,  was  of 
acceptable  standards  of  purity  and  viability,  and 
was  free  from  noxious  weed  seeds.  Since  1821, 

therefore,  many  State  seed  laws  and  the  Fed- 
eral Seed  Act  have  been  enacted.  Now  all  50 

States  have  seed  laws  covering  agricultural 
seeds,  and  most  of  them  cover  vegetable  seeds. 
Some  also  cover  flower  seeds,  and  a  small  num- 

ber include  seeds  of  woody  plants. 

State  Laws 

Although  seed  laws  differ  somewhat  among 
States,  most  of  them  follow  a  similar  pattern. 
They  commonly  consist  of  several  sections,  in- 

cluding (1)  definition  of  terms  (specifying, 
am.ong  other  things,  the  kinds  of  seeds  in- 

cluded), (2)  label  requirements,  (3)  prohibi- 
tions, (4)  exemptions,  (5)  sampling  for  testing 

and  publication  of  results,  and  (6)  implementa- 
tion. Usually  appended  to  the  law  proper  is  a 

set  of  rules  and  regulations  to  guide  the  State 
seed  control  officer  in  administering  the  law. 

As  of  January  1968,  seed  laws  in  about  one- 
third  of  the  50  States  were  interpreted  as  cover- 

ing tree  seeds.  These  laws  fall  into  three  cate- 
gories: (1)  Those  that  specifically  mention 

trees  and  strubs  (11  States  as  of  1968),  (2) 

those  that  mention  "ornamental"  or  "nursery 
stock"  plants  and  are  interpreted  as  covering 
tree  seeds  (3  States),  and  (3)  those  that  define 

agricultural  seeds  as  including  "fiber"  plants 
and  are  interpreted  (usually  under  a  ruling  by 
the  State  Attorney  General)  to  include  tree 
seeds  (3  States)  (Rudolf  et  al.  1963b,  Rudolf 
1965).  Most  of  the  State  seed  laws  that  do  not 
cover  woody-plant  seeds  define  agricultural 

seeds  as  including  "fiber"  plants,  but  are  not 
interpreted  to  cover  seeds  of  woody  plants ;  a 
few  (7  States)  define  agricultural  seed  in  a 
way  that  definitely  excludes  woody-plant  seed. 

Perhaps  we  can  better  understand  such  legis- 
lation by  analyzing  New  York's  1939  law,  the 

first  to  cover  woody-plant  seed,  and  probably 
as  exacting  as  the  seed  laws  of  any  State. 

Article  9  of  New  York's  Agriculture  and  Mar- 
ket Law  (Chapter  631,  laws  of  1955,  as 

amended)  concerns  the  inspection  and  sale  of 
seeds.  Items  referring  especially  to  tree  seeds 
are  as  follows:  (1)  Seeds  of  woody  plants  com- 

monly known  and  sold  as  tree  or  shrub  seeds 
in  New  York  are  included.  (2)  Each  container 
of  seed  that  is  sold,  offered,  or  exposed  for  sale 
in  the  State  for  planting  purposes  must  bear 
a  plainly  written  label  or  tag  in  the  English 
language  showing  (a)  the  name  and  address  of 

the  person  who  labeled  the  seed  or  of  the  vendor, 
(b)  the  name  and  purpose  of  any  treatment 
given  the  seed,  (c)  a  warning  of  any  seed  coat- 

ing or  other  material  that  may  be  harmful  to 
humans  or  vertebrates,  (d)  the  kind  and  variety 
of  seed,  (e)  the  percentage  by  weight  of  pure 
seed,  (f)  the  percentage  of  germination,  (g) 
the  year  of  collection  of  such  seed,  and  (h)  the 
specific  locality  (State  and  county  in  the  United 
States  or  nearest  equivalent  political  unit  in 
foreign  countries)  in  which  the  seed  was  col- 

lected. (3)  The  immediate  vendor  of  any  lot  of 
seed  is  responsible  for  the  presence  of  the  re- 

quired labels.  (4)  It  is  unlawful  to  vend  any 

seed  in  the  State  that  is  designated  as  (a)  "cer- 
tified" ^  or  a  similar  specified  term  unless  the 

seed  bears  an  oflficial  tag  of  an  officially  recog- 

nized certification  agency,  or  (b)  "hybrid"  un- less it  conforms  to  the  definition  of  hybrid 
included  in  the  law.  (5)  Exempt  from  the  provi- 

sions of  the  law  are  seed  not  intended  for  plant- 
ing purposes,  unadvertised  seed  sold  and  de- 

livered by  a  grower  on  his  own  premises,  and 
seed  in  storage  or  consigned  to  cleaning  and 
processing.  (6)  Certification  of  seed  shall  be  in 
accordance  with  standards  promulgated  by  the 
Commissioner  of  Agriculture  and  Markets  after 
consultation  with  the  Dean  of  the  New  York 
State  University  College  of  Forestry  (Rudolf 
etal.  1963b). 

Experience  in  New  York  indicates  some  diflfi- 
culty  in  enforcing  the  provisions  of  the  law 

applying  to  woody-plant  seed,  particularly  be- 
cause much  of  this  seed  is  sold  through  the  mails 

by  out-of-State  dealers  (Ozard  1961).  Neverthe- 
less, New  York  experience  also  indicates  a  need 

for  such  controls,  as  well  as  the  desirability  of 
interstate  controls.  For  example,  not  one  of  38 
samples  taken  by  inspectors  between  1939  and 
1955  conformed  to  the  law,  and  only  4  of  243 
samples  sent  in  by  mail  during  1958  to  1960 
were  completely  and  accurately  labeled;  many 
were  worthless  (Ozard  1961,  Clark  and  Page 1961). 

In  1957  the  Association  of  American  Seed 

Control  Ofl^cials^  (AASCO)  prepared  a  "Rec- 
ommended Uniform  State  Seed  Law,"  and  most 

of  the  present  State  seed  laws  approximate  this 
model  in  coverage  and  general  content.  This 
"recommended  law"  was  revised  in  1967  to  in- 

clude tree  and  shrub  seed  after  extensive  review 

of  the  woody-plant  supplement  from  foresters 
and  others  interested  in  woody-plant  seeds.  The 
1969  supplement  contains  a  list  of  123  plants 
including  most  of  the  native  and  exotic  woody- 
plant  species  planted  in  the  United  States  and 
is   approved    by   the   following   organizations : 

"  Certification  is  a  separate  operation  not  required  by 
law,  but  the  seed  law  provides  for  it. 

*  An  organization  representing  seed  control  officials  of 
all  States  and  the  U.S.  Department  of  Agriculture. 
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Association  of  American  Seed  Control  Officials, 
Association  of  Official  Seed  Analysts,  Associa- 

tion of  Official  Seed  Certifying  Agencies,  and 
the  American  Seed  Trade  Association.  This 

"Recommended  Uniform  State  Seed  Law"  pro- 
vides a  guide  to  State  agencies  in  developing  or 

amending  their  seed  laws  (Clark  1961,  Rudolf 
et  al.  1963b,  Association  of  American  Seed  Con- 

trol Officials  1967). 

Federal  Laws 

State  seed  laws  are  not  very  effective  in  con- 
trolling seed  shipped  in  from  other  States.  Al- 

though seed  can  be  seized,  the  shipper  cannot 
be  prosecuted.  Federal  legislation,  however,  can 
provide  regulation  of  interstate  shipments. 

The  principal  Federal  law  concerning  seed  is 
the  Federal  Seed  Act  of  August  9,  1939  (53, 
Stat.  1275),  which  evolved  from  the  Seed  Im- 

portation Act  of  1912.  Its  purpose  is  to  reg- 
ulate interstate  and  foreign  commerce  in  seeds. 

The  essential  feature  concerning  domestic  seed 
is  that  detailed  labeling  of  seeds  is  required  in 

i  interstate  commerce.  At  present  this  part  of 
the  law  applies  only  to  agricultural  and  vegeta- 

ble  seeds    (Rollin    1964,   Rollin   and   Johnston 

I  1961). 
I      The  Federal  Seed  Act  also  sets  up  standards 
i  for  imported  seeds,  but  these  are  not  applicable 
'  to  woody-plant  seeds.  Under  Plant  Quarantine 
regulations,  however,  most  imported  tree  and 
shrub  seeds  fall  into  a  category  that  requires 
inspection  at  designated  stations  and  fumigation 

;  with  methyl  bromide  (at  dosages  that  are  in- 
tended  to   give   maximum    protection    against 

pests  without  serious  injury  to  seed  viability). 
Woody-plant  seeds  are  not  admissible  to  the 

I  United  States  mails  unless  accompanied  by  a 
I  certificate  showing  the  seeds  to  be  free  from 
insects  and  plant  diseases    (Rollin  and  John- 

ston 1961).  However,  no  checks  of  viability  are 
i;  required,  and  dead  and  misnamed  seed  does  get 
through  (Heit  1964,  1965). 

I  The  Federal  Seed  Law  makes  the  Secretary 
of  Agriculture  responsible  for  enforcement  and 
directs  that  he  and  the  Secretary  of  the  Treas- 

ury work  together  in  enforcing  sections  con- 
cerning importation  of  seeds.  (Customs  inspec- 

tors provide  samples  of  imported  seed  for 
checking  by  Federal  seed  technologists.)  Within 

j  the  Department  of  Agriculture,  the  Adminis- 
trator of  the  Agricultural  Marketing  Service  is 

responsible  for  enforcing  provisions  of  the  act 
(Rollin  and  Johnston  1961).  But  because  there 
are  no  Federal  seed  inspectors,  by  cooperative 
agreement  the  enforcement  of  theFederal  Seed 
Act  devolves  upon  State  inspectors,  who  dis- 

cover violations  of  the  Federal  law  in  the 
enforcement  of  the  State  laws.  The  State  in- 

spectors report  apparent  violations  to  the  Fed- 

eral administrators,  who  then  investigate  and 
take  any  necessary  action  (Rollin  1964). 

Such  groups  as  the  Committee  on  Tree  and 
Shrub  Seed  of  the  Association  of  American  Seed 
Control  Officials,  the  Northeastern  Forest  Tree 

Improvement  Conference,  the  Lake  States  For- 
est Tree  Improvement  Committee,  the  New 

York  Christmas  Tree  Growers'  Association,  the 
National  Christmas  Tree  Growers'  Association, 
and  the  Kentucky-Tennessee  Section  of  the  So- 

ciety of  American  Foresters  have  proposed 
amendments  to  the  Federal  Seed  Act  that  would 

(1)  prohibit  the  shipment  of  woody-plant  seeds 
into  any  State  unless  the  seeds  so  shipped  con- 

form to  the  requirements  of  the  seed  law  and 
rules  and  regulations  of  that  State,  and  (2)  pro- 

hibit importation  into  the  United  States  of  any 
woody-plant  seeds  that  fail  to  meet  minimum 
standards  of  purity  and  germination  to  be  estab- 

lished by  the  Secretary  of  Agriculture.  Such 
amendments  to  the  Federal  Seed  Act  in  the  near 
future  seem  unlikely.  Some  concerned  groups 
oppose  the  amendments  as  an  unnecessary  ex- 

tension of  Federal  controls. 
There  are  three  Federal  laws  other  than  the 

Federal  Seed  Act  that  may  have  some  influence 
on  tree-seed  handling.  These  are  the  Mc- 
Sweeney-McNary,  Granger-Thye,  and  Clark- 
McNary  Acts.  Certain  provisions  of  these  Acts 
prescribe  the  activities  of  the  Forest  Service  in 
(1)  making  available  to  other  agencies  and  in- 

dividuals newly  developed  trees  for  foundation 
.stock,  (2)  exchanging  seeds  or  seedlings  with 
other  public  agencies,  and  (3)  providing  seeds 
or  seedlings  to  cooperating  state  nurseries 
(Fowells  1961). 

TREE-SEED  CERTIFICATION 

Conception  and  Development 
Seed  certification  is  more  than  the  labeling 

required  by  seed  laws.  For  agricultural  and 

woody-plant  seed  the  word  "certified"  has  a 
special  meaning.  It  implies  genetic  improve- 

ment and  its  aim  is  to  make  available  to  the 

user  high-quality  seeds  and  propagation  ma- 
terials of  superior  crop-plant  varieties  grown 

and  distributed  so  as  to  insure  the  genetic 
identity  and  genetic  purity.  Some  foresters  have 

proposed  the  following  definition :  "Seed  certi- 
fication is  the  guarantee  of  seed  character  and 

quality  by  an  officially  recognized  organization, 
usually  evidenced  by  a  certificate  which  includes 
such  information  as  certification  category,  gen- 

uineness of  species  and  variety,  year  of  collec- 
tion, origin,  purity,  soundness,  and  germinative 

capacity"  (Rudolf  etal  1963b). 
Seed  legislation  does  not  automatically  pro- 

vide for  certification . — Although  the  informa- 
tion provided  on  the  labels  required  by  seed 

laws  is  helpful  to  seed  users,  it  is  not  adequate 
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for  certification.  Generally,  certification  pro- 
vides for  (1)  more  detailed  information  on  each 

seed  lot  than  is  required  under  the  labeling  laws, 
(2)  certain  categories  relating  to  genetic  iden- 

tity of  the  seed  lots,  (3)  methods  and  means  for 
inspecting  seed  and  determining  compliance 
with  the  standards,  and  (4)  fees  for  the  inspec- 

tion service. 

Seed  certification  is  voluntary. — Although 
laws  provide  for  certification,  no  State  requires 
that  seed  has  to  be  certified  to  be  sold  within 
its  boundaries.  However,  if  the  seller  calls  the 

seed  "certified,"  then  it  must  meet  the  legal 
requirements  for  that  class  of  seed. 

Understandably,  the  forest  manager  wants  to 
establish  plantations  that  will  produce  the  maxi- 
num  amount  of  the  most  desirable  products 
per  acre.  He  will,  therefore,  want  to  obtain  seed 
that  has  given  such  results,  and  avoid  getting 
seed  that  has  given  or  promises  to  give  poor 
or  indifferent  results.  Unless  he  can  actually 
make  or  supervise  the  necessary  seed  collections, 
however,  he  may  have  no  assurance  that  good 
seed  accessions  will  be  repeated  and  poor  ones 
avoided.  If  he  does  not  have  control  over  his  own 
seed  collections,  the  best  solution  will  be  to  ob- 

tain seed  that  has  been  collected  under  certain 
standards  and  so  verified  by  a  reputable  au- 

thority; i.e.,  under  a  seed  certification  scheme. 
Tree-seed  certification  in  the  United  States  is 

new,  but  the  concept  has  long  existed.  In  1928, 
Carlos  G.  Bates  of  the  Lake  States  Forest  Ex- 

periment Station  proposed  developing  "tree-seed 
farms"  (Bates  1928).  In  New  England  about 
that  time,  Henry  Baldwin  advocated  various 
aspects  of  seed  control,  and  was  instrumental  in 
developing  a  conference  on  seed  certification 
held  in  Syracuse,  New  York,  in  December  1937 
(Baldwin  1939). 
From  1935  to  1942  the  Prairie  States  For- 

estry Project  of  the  USDA  Forest  Service 
planted  about  18,500  miles  of  field  shelterbelts 
in  a  zone  about  100  miles  wide  and  extending 
from  North  Dakota  to  Texas;  it  divided  this 
zone  into  11  seed-collecting  districts  (USDA 
Forest  Service  1936).  To  a  large  extent  seed 
collection  was  confined  to  the  area  and  latitude 
in  which  the  planting  was  done  (Rudolf  1950). 

In  1939  the  U.S.  Department  of  Agriculture 
adopted  a  tree  and  shrub-seed  policy  (McCall 
1939).  It  requires  the  use  of  seed  or  stock  of 
known  origin,  proof  of  origin  from  the  vendor, 
and  an  accurate  record  of  the  year,  species,  and 
origin  of  all  lots.  The  policy  also  specifies  the 
use  of  local  seed  obtained  within  100  miles  and 
1,000  feet  in  elevation  of  the  planting  site  wher- 

ever possible.  If  local  seed  is  unavailable,  the 
policy  permits  the  use  of  seed  from  regions  of 
similar  climate  and  latitude. 

About  1949  the  Forest  Conservation  Commit- 
tee of  the  Pacific  Northwest  Industries  began  to 

raise  stock  from  seed  of  verified  origin  in  its 
Nisqually  Nursery  (Rudolf  1950).  All  these  ac- 

tions and  several  others  were  somewhat  ad- 
vanced, however,  for  most  of  them  were  never 

implemented. 
About  1959,  foresters  in  the  Georgia  Chapter, 

Southeastern  Section  of  the  Society  of  American 
Foresters  (SAF)  adopted  standards  for  certify- 

ing forest  tree  seeds ;  these  standards  have  been 
applied  by  the  Georgia  Crop  Improvement  As- 

sociation (GCIA  1959).  In  October  1959  the 
International  Crop  Improvement  Association 
(ICIA),  now  called  the  Association  of  OflScial 

Seed  Certifying  Agencies  (AOSCA),'^  adopted  a set  of  minimum  forest  tree  seed  certification 
standards  essentially  the  same  as  those  used 
by  the  Georgia  Association.  However,  foresters 
in  other  parts  of  the  United  States  did  not 
consider  these  standards  entirely  suitable.  Con- 

sequently the  Society  of  American  Foresters 
(SAF)  Committee  on  Forest  Tree  Improvement 
established  a  Seed  Certification  Subcommittee 
to  review  the  matter  in  depth  and  to  make 
recommendations.  The  Subcommittee  solicited 
opinions  from  123  organizations  and  individuals 
throughout  the  United  States  and  Canada.  On 
the  basis  of  its  findings,  the  Subcommittee  drew 
up  a  set  of  minimum  standards  for  tree-seed 
certification.  In  November  1960.  these  standards 
were  presented  to  ICIA,  which  adopted  them 
with  slight  modification  in  November  1962.  A 
further  modification  to  meet  the  needs  of  West 
Coast  collection  conditions  was  accepted  in  1967. 
These  minimum  standards  for  forest  tree  seeds 
differ  from  those  for  most  agricultural  crops  in 
that  they  provide  for  two  subclasses  of  certified 
seed,  defined  later  in  this  chapter. 

In  1964  the  USDA  Forest  Service  adopted  the 

following  "Position  on  Labeling  and  Certifica- 
tion of  Forest  Tree  Seed" :« 

1.  "The  Forest  Service  supports  tree  seed 
labeling  and  certification  because  it  will 
protect  domestic  and  foreign  seed  buy- 

ers, improve  markets  for  good  seed,  en- 
courage the  production  of  improved  for- 

est trees  and  more  intensive  forestry. 

2.  "The  Forest  Service  favors  action  by 
State  Foresters,  seed  dealers,  practicing 
foresters,  and  seed  officials  at  the  agri- 

cultural colleges  in  developing  State 
standards  and  procedures  for  certifica- 

tion, either  within  the  framework  of  the 

'■  The  Association  of  Official  Seed  Certifying  Agencies 
is  a  nonprofit  organization  founded  in  1919.  Its  mem- 

bers are  the  43  State  crop  improvement  associations  in 
the  United  States  plus  similar  organizations  in  Canada. 
It  sets  up  minimum  certification  standards  for  each  crop 
(such  as  forest  trees,  cotton,  etc.)  that  the  individual 
State  standards  must  equal  or  exceed. 

"  Published  in  Tree  Planters'  Notes  No.  73,  p.  28,  Oc- tober 1965. 
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International  Crop  Improvement  Asso- 
ciation or  independent  of  it.  The  Forest 

Service  favors  as  much  uniformity  as 
possible  in  State  laws,  standards,  and 
procedures. 

3.  "The  Forest  Service  working  through 
prescribed  Department  channels  will 
participate  in  the  consideration  of 
amendments  to  the  Federal  Seed  Act 
designed  to  include  tree  seed.  The 
Federal  Seed  Act  has  the  effect  of  back- 

ing up  State  laws  on  seed  labeling  and 
certification.  A  possible  amendment 
would  extend  these  provisions  to  tree 
seeds.  If  so  amended,  the  Act  would 

have  the  effect  of  requiring  that  im- 
ported tree  seeds  meet  standards  of 

quality.  This  suggested  policy  on  tree 
seed  labeling  and  certification  will  not 
affect  administration  of  the  Federal 

plant  quarantine  laws." 
Experience  in  the  control  of  agricultural  seed 

has  shown  that  effective  certification  needs  legal 
support.  Many  foresters  would  prefer  to  de- 

velop certification  practices  for  woody-plant 
seeds  that  will  fit  into  existing  patterns  of 
legislation. 

Reliable  agencies  responsible  for  seed  certifi- 
cation may  be  organized  voluntarily  by  groups 

or  associations  of  seed  collectors,  users,  or  both, 
or  they  may  be  established  by  law.  An  example 
of  the  former  is  the  Northwest  Forest  Tree  Seed 
Certifiers  Association,  a  voluntary  association 
of  tree-seed  users  (both  public  and  private)  and 
seedsmen  in  the  Pacific  Northwest.  They  de- 

veloped regional  tree-seed  certification  stand- 
ards and  sponsored  the  application  of  these 

standards  by  official  State-authorized  seed-certi- 
fying agencies  in  Washington  and  Oregon 

(Hopkins  1968). 
All  50  states  have  laws  that  require  labeling 

of  agricultural  seeds  and  provide  for  certifica- 
tion. In  1968,  17  States  had  laws  requiring  label- 

ing of  tree  seeds,  but  only  about  half  of  these 
States  had  operating  systems  for  certifying 
woody-plant  seeds.  Most  of  these  States  are  in 
the  southeast.  Furthermore,  a  few  States 
(Oregon,  South  Dakota,  and  Washington) 
certify  woody-plant  reproductive  material,  but 
do  not  cover  woody-plant  seeds  in  the  labeling 
provisions  of  their  seed  laws. 

Minimum  Standards 

The  following  minimum  certification  stand- 
ards for  forest  tree  seeds  have  been  provided  by 

the  AOSCA  to  aid  local  seed  certifying  agencies 
in  developing  standards  for  their  respective 
states : 

I.  APPLICATION  AND  AMPLIFICATION  OF 
GENERAL  CERTIFICATION  STANDARDS 

A.  The    General    Seed   Certification    Standards,   as 

adopted  by  the  Association  of  Official  Seed  Cer- 
tifying Agencies,  are  basic  and  together  with  the 

following  specific  standards  constitute  the  stand- ards for  forest  tree  seed. 

B.  The  General  Standards  are  amplified  as  follows: 
1.  Section  IV.  Eligibility  Requirements  for  Cer- 

tification of  Crop   Varieties. 
Forest  trees  include  all  species  normally 

used  in  forestry  including  specialized  prod- 
ucts or  uses  such  as  Christmas  trees,  shelter- 

belts,  etc. 
2.  Section  V.  Classes  and  Sources  of  Certified 

Seed. 
a.  Certified  seed. 

Certified  seed  shall  be  seed  from  trees 
of  proven  genetic  superiority,  as  defined 
by  the  certifying  agency,  produced  so  as 
to  assure  genetic  identity.  (Seeds  from 
interspecific  hybrids  of  forest  trees  may 
be  included).  In  addition  the  following 
subclasses  may  be  accepted  for  certifica- tion. 

b.  Selected  seed. 

Selected  seed  shall  be  seed  from  un- 
tested parentage  of  rigidly  selected  trees 

or  stands  that  have  promise  but  not  proof 
of  genetic  superiority. 

c.  Source-identified  seed. 
Source-identified  seed  shall  be  seed 

from  (1)  natural  stands  with  the  geo- 
graphic origin  known  and  (2)  from  plan- 

tation of  known  provenience,  as  specified 
in  the  standards  of  the  various  certifying 

agencies. d.  For  all  classes  of  forest  tree  seed,  the 
exact  geographic  source  of  the  parent 
trees  and  the  stand  history  must  be 
known.  Location  of  the  source  of  certified 
seed  and  selected  seed  shall  be  designated 
by  section  or  comparable  land  survey  unit. 
Location  of  source-identified  seed  shall  be 
defined  by  means  of  administrative  and 
geographic  boundaries  and,  where  appli- 

cable, by  altitudinal  and  other  appropri- 
ate boundaries  judged  to  be  significant  by 

the  certifying  agency. 

e.  In  all  cases  where  seed  or  other  propagat- 
ing materials  are  produced  from  planted 

or  otherwise  artificially  established  trees, 
the  origin  of  the  parent  material  must 
be  known.  Exception  may  be  made  by  the 
certifying  agency  in  the  plantations  or 
trees  outside  the  natural  range  of  a 

species. .3.    Section  VI.  Limitations  of  Generations. 
Limitation  of  generations  for  forest  tree 

seed  shall  be  in  terms  of  a  specified  period  of 
time  as  determined  for  each  species  by  the 
certifying  agency. 

4.  Section  VIII.  Field  Inspection. 
a.  Inspectors  for  forest  tree  seed  shall  be 

professional  foresters  or  persons  trained 
specifically  for  the  job  by  such  foresters. 

b.  For  certified  and  selected  seed  at  least  one 
field  inspection  shall  be  made  prior  to 
pollination.  At  this  time  compliance  in 
regard  to  roguing  and  isolation  as  covered 
by  the  applicable  agency  standards  will 
be  checked.  For  all  classes  of  seed,  an 
inspection  will  be  made  prior  to  seed  ma- 

turity and  the  size  of  the  crop  will  be estimated. 

5.  Section  IX.  Unit  of  Certification. 
An  individual  tree,  clone,  or  stand  of  trees 

may  be  certified  in  producing  certified,  se- 
lected, or  source-identified  seed. 
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6.  Section  X.  Sampling  and  Testing. 
For  seed  of  species  not  covered  by  the  rules 

for  testing  seeds  of  the  Association  of  Official 
Seed  Analysts,  the  analyses  and  testing  shall 
be  in  accordance  with  the  rules  of  the  Inter- 

national Seed  Testing  Association  or  appro- 
priate State  or  Governmental  laboratories  as 

determined  by  the  certifying  agency. 
7.  Section  XII.  Labeling  and  Sealing. 

The  following  tag  colors  shall  apply : 
Certified  Tree  Seed— Blue  Label 
Selected  Tree  Seed — Green  Label 
Source-Identified   Seed — Yellow  Label 

Labels   shall  be  aflEixed  to  the  containers 
and  the  containers  sealed  to  the  satisfaction 
of  the  certifying  agency. 

IL  LAND  REQUIREMENTS 
Elevation  to  the  nearest  500  feet  of  the  original 

geographic  source  and  the  average  height  and  age 
of  the  trees  from  which  collected  shall  be  shown  on 
the  tag  for  all  forest  tree  seed.  If  available,  site 
index  (the  capability  of  a  given  site  to  produce 
trees  as  measured  by  the  height  of  the  trees  at  a 
specified  age)  may  be  recorded  instead  of  tree 
height  and  age. 

III.  FIELD  STANDARDS 
A.  General 

Isolation 
For  certified  or  selected  seed,  an  adequate 

isolation  zone  shall  be  maintained  free  of  off- 
type  plants  and  other  species  that  might  cross- 
pollinate  producing  trees.  The  isolation  dis- 

tance and  specifications  for  off-type  plants 
shall  be  set  for  each  variety  of  species  by  the 
certifying  agency.  There  shall  be  no  require- 

ment for  source-identified  seed. 
B.  Specific 

1.  There  shall  be  no  tolerance  for  off -type 
plants. 

2.  All  clones  used  in  seed  orchards  shall  be 
tested  in  accordance  with  the  requirements  of 
the  certifying  agency. 

IV.  SEED  STANDARDS  FOR  GENETIC  PURITY 
Other  Varieties  Permitted: 

Foundation  Registered  Certified 
0.01  percent  0.01  percent  0.01  percent 

In  43  States  and  Canada  the  seed-certifying 
agencies  are  the  local  crop-improvement  associ- 

ations. These  associations  develop  local  seed 
certification  standards  that  equal  or  exceed  the 
AOSCA  minimum  certification  standards  pre- 

sented on  the  preceding  pages.  In  three  States, 
certification  is  handled  by  the  seed  control 
oflncials  or  their  designated  alternates  but  the 
standards  are  comparable  to  those  developed  by 
the  crop-improvement  associations.  Four  States 
apparently  have  no  designated  certifying authority. 
The  AOSCA  recognizes  four  certification 

categories  for  agricultural  seed,  which  are  listed 
as  follows  in  descending  order  or  control  of 
hereditary  makeup:  Foundation  (white  tag), 
breeder  (white  tag),  registered  (purple  tag), 
and  certified  (blue  tag)  (Parsons  et  al.  1961). 
The  minimum  standards  for  forest  tree  seeds 
presently  include  only  the  "certified"  category 
(which  must  have  proof  of  genetic  superiority), 
but  include  also  two  additional  subclasses  of  less 
rigid  genetic  control:  Selected  seed  (green  tag), 
which  comes  from  untested  but  rigidly  selected 

trees  or  stands  that  have  promise  but  not  proof 
of  genetic  superiority,  and  (2)  source-identified 
seed  (yellow  tag),  which  comes  from  (a) 
natural  stands  of  known  geographic  origin  or 
from  plantations  of  known  original  seed  source, 
or  (b)  from  natural  stands  in  designated, 
reasonably  homogeneous  seed  collection  zones. 
Because  of  the  long  time  period  required  to 
progeny  test  forest  material,  it  is  inevitable  that 
selected  and  source-identified  seed  will  make  up 
the  bulk  of  certified  tree  seed  for  many  years  to 
come.  Their  general  use  and  acceptance  will, 
however,  represent  a  real  advance  over  current 
forest  practice. 

Some  Examples 

In  Georgia,  South  Carolina,  and  Alabama  the 
crop-improvement  associations  have  certified 
tree  seed  primarily  on  lands  belonging  to  forest 
industries,  although  some  State  lands  also  are 
included.  These  certifications  concern  primarily 
selected  (green  tag)  seed. 

In  Florida  all  tree-seed  certification  is  done 
by  State  authorities  and  requires  appropriate 
progeny  tests  to  substantiate  improvement 
claims;  no  application  have  yet  been  made. 
Hence  Florida  will  certify  only  blue-tag  seed.        j 

North  Carolina  has  no  tree-seed  legislation, 
but  the  State  University  has  been  working  with 
certain  forest  industries  that  have  now  estab- 

lished enough  seed  orchards,  primarily  of 
southern  pines,  to  produce  the  seed  required  for 
300  million  seedlings  per  year. 

Regionally  there  is  some  variation  in  handling 
source-identified  seed.  In  Georgia  and  Virginia, 
for  example,  where  changes  in  elevation  and 
rainfall  are  not  as  marked  as  they  are  in  the 
western  United  States,  the  State  seed  laws 
designated  tree-seed  collection  zones,  which  are 
shown  on  the  labels  (fig.  1).  In  these  States, 
therefore,  the  regular  seed  certification  channels 
are  not  used  to  designate  source-identified  seed. 

In  New  York  the  Dean  of  the  State  University 
College  of  Forestry  has  an  Advisory  Committee 

o 

Species                                             Variety     

Net.  Wt                                Yr.  Coll    Lot  No   

Origin:  State                      _           County    Ga.  Zone... 

Date  of  Test                                       Pure  Seed   

._   % 

Full  Seed   'c   Inert  Matter   

  % 

Speed  of  Germination   

Pregerniination  Treatment    Seed  Per  lb. 

Address                       

Figure  1. — Label  required  on  tree  seed  under  Georgia 
State  Seed  Laws  (note  that  seed  collection  zone  is included). 
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on  Tree-Seed  Certification,  which  has  developed 
certification  standards  for  use  under  the  New 
York  Seed  Law.  Certification  is  not  expected  to 
be  widespread  until  seed  becomes  generally 
available  from  recently  established  seed-produc- 

tion areas  and  seed  orchards,  perhaps  about 
1975. 

In  South  Dakota,  certification  of  forest  re- 
productive material  began  about  1952  and  is 

confined  to  four  selections  of  trees  specifically 
developed  by  the  State  Agricultural  Experiment 
Station  for  shelterbelt  use.  More  than  200,000 
plants  per  year  are  certified. 

In  1966  the  Washington  Crop  Improvement 
Association  and  the  Oregon  State  University 
Seed  Certification  Service  began  certifying  tree 
seed  as  to  species,  elevation,  and  zone  origin 
(fig.  2)  using  standards  developed  by  the  North- 

west Forest  Tree  Seed  Certifiers  Association 
and  accepted  by  ICIA.  In  that  year  11,456 
pounds  of  Douglas-fir  seed  were  given  the 

yellow  "origin-certified"  (source-identified)  tag 
(Hopkins  1968). 
Committees  of  foresters  in  the  Northeast, 

Midwest,  Southwest,  and  Canada  are  studying 
tree-seed  certification  needs,  informing  their 
colleagues  of  the  problems,  and  preparing 
recommendations.  Some  of  these  recommend- 

ations undoubtedly  will  result  in  additional  local 
tree-seed  certification  standards  and  actions. 

/ 
lh..e.n„cert;fi«a.neompl,.nc««ithOr.9onFo,.,tT.«.               \y^                 2  4  0  1                    iS^ 

SPECIES                                                                                          ̂ ^ 

/     ■ 
X        EOT  NEIMBER                                                                                    ̂ ^^ 

( 
j   mimi                                                           '^Bfr 

--^^ 
^     EEtVmiON                                                                                   '  V)  1 

EIEEB  INSPECtEI)-H«B»ESTE»                                                                             i 

P«(IC£SSEO-WB[l£EIS[AlfD                                                                             1 

A    - 
S„d  CertKicahon  Stt»ie«,   Origon  Stale  Univariity,    Corv»l[l.,  O.Bgon    97331    USA                fi 

WstfiingLoo  Stat*  Crop  lmpro,an<aiit  Aaiociation,  Inc.,  Yakima,  Waihington  96901  USA      -Jf^^. 

Figure  2. — A,  tag  required  on  "origin-certified  (source- 
identified)  tree  seed  in  Washington  and  Oregon.  The 
standards  were  developed  by  the  Northwest  Forest 
Tree  Seed  Certifiers  Association  and  certification  is 
done  by  an  official  State  seed-certifying  agency;  B, 
reverse  side  of  tag. 

Seed  Collection  Zones 
The  provision  in  item  B2d  of  the  AOSCA 

minimum  standards  for  tree  seed  that  permits 
source  identification  by  zones,  may  stimulate 
the  development  of  such  zones  in  most  regions 
of  the  United  States.  Although  such  identifica- 

tion is  not  as  meaningful  as  that  designating 
specific  stands  or  locations,  it  is  a  useful  first 
step  in  seed  certification  that  can  be  applied  in 
most  regions. 

As  already  noted,  some  States  have  developed 
tree-seed  collection  zones  that  are  described  in 
the  regulations  for  administering  their  State 
seed  laws.  In  these  States,  therefore,  seed-source 
identification  is  accomplished  through  the  label- 

ing law  and  not  through  the  seed-certification 
agency.  Labeling  laws,  however,  do  not  require 
inspection  to  verify  seed-source  identification. 

Seed  collection  zones,  developed  on  several 
different  bases,  already  have  been  designated  in 
Arizona,  New  Mexico,  Georgia,  California,  the 
Lake  States,  the  Pacific  Northwest,  Virginia, 
British  Columbia,  the  Maritime  Provinces,  and 
Ontario,  as  well  as  in  parts  of  Europe,  Some 
private  tree  seed  companies  have  described 
zones  for  their  own  use  in  the  seed  trade. 
Although  there  would  be  merit  in  establishing 
a  uniform  basis  for  describing  seed-collection 
zones  in  all  regions,  this  is  not  feasible  at 

present.  It  is  important  that  the  zones  be  homo- 
geneous within  a  region,  that  they  be  used  by 

all  agencies  collecting,  processing,  and  using 
forest  tree  seed  within  the  region,  and  that  the 
information  be  made  available  to  all  seed  users. 

In  1946  California  was  divided  into  13  seed 
collection  zones  on  the  basis  of  broad  vegetation 
classes,  which  in  turn  were  subdivided,  in 
descending  order  of  importance,  according  to 
(1)  coniferous  tree  species  composition,  (2) 
site  class,  and  (3)  latitude  (Fowells  1946). 
Revisions  were  proposed  in  1955  (Rov  1955), 
1961  (Eden  1964),  and  1966  (Schubert  1966). 
In  1970  the  California  tree  seed  zones  were 
revised  and  delineated  on  the  basis  of  (1)  col- 

lection criteria  adopted  in  the  USDA  Forest 
Seed  Policy  of  1939  (McCall  1939)  and  (2)  care- 

ful consideration  of  areas  having  unusual 
climatic,  topographic,  or  soil  conditions  that 
might  greatly  affect  tree  growth  (fig.  3).  On 
the  basis  of  these  criteria,  the  State  has  been 
divided  into  six  physiographic  and  climatic 
regions,  32  subregions  within  the  regions,  and 
85  seed  collection  zones,  each  limited  to  about 
50  miles  in  latitude  (Buck  et.  al.  1970).  The 
zones  are  designated  by  a  three-digit  system 
coordinated  with  the  map  and  coding  system 
developed  and  used  in  the  Pacific  Noi'thwest 
(Buck  et.  al.  1970).  Qualitative  estimates  of 
tree-seed  crops  have  been  reported  annually  for 
each  of  the  recognized  zones  and  subzones 
(Eden   1964). 
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STATE     OF     CALIFORNIA 
THE    RESOURCES    AGENCY 

DEPARTMENT    OF    CONSERVATION 

DIVISION     OF     FORESTRY 

CALIFORNIA    TREE    SEED    ZONE 
MAP 

Phyiiogrophic    ond   clonotic  ration  bowndOfi«t 

P^lr•l04rop^iC  and  cll«*i«lic  rtqton  bowMonw  ailhiR  tht  900  MrtM 

Phra<09r«phtc    Oftd    cMmfllic   tubft^ion 

Figure  3. — Seed  collection  zones  for  California. 

In  the  Lake  States,  where  topography  is  less 
important,  a  series  of  zones  (fig.  4)  was  de- 

veloped based  on  two  temperature  factors:  (1) 

A  summation  of  a  year's  normal  average  daily 
temperatures    above    50"    F.,    and    (2)    mean 

January  temperatures.  The  former  was  chosen 
because  physiological  activity  of  many  temper- 

ate-zone plants  occurs  mostly  above  50°  F.,  and the  latter  because  it  indicates  the  severity  of 
winter  conditions  in  the  localities  of  seed  origin. 
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This  gave  28  zones  for  the  Lake  States,  of  which 
15  each  occurred  in  Minnesota  and  Wisconsin 
and  13  in  Michigan.  If  we  disregard  those  of 
limited  extent  there  are  10  for  Minnesota  and 
8  each  for  Michigan  and  Wisconsin.  The  de- 

velopment of  red  pine  from  119  seed  sources 
showed  good  relation  to  these  zones  (Rudolf 
1959). 

In  Ontario  the  seed  collection  zones  are  based 
on  the  site  regions  described  by  Hills  (Hoist 
1962).  This  system  divides  the  province  into  12 
regions  based  primarily  on  temperature  and 
moisture,  these  regions  are  subdivided  by 
physiographic  (landform)  groupings  differing 
in  moisture,  ecoclimate,  and  nutrients  (Hills 
1960a,  Hills  1960b). 

The  Western  Forest  Tree  Seed  Council  pub- 
lished maps  in  1966  for  the  Pacific  Northwest 

showing  seed  collection  zones  based  on  latitude, 
longitude,  temperature,  moisture,  and  conifer- 

ous species  composition.  In  these  zones  seed  lots 
are  identified  by  species  within  500-foot  eleva- 
tional  bands.  These  zones  are  now  used  for 
tree-seed  certification  in  Oregon  and  Wash- 

ington (fig.  5). 
In  1967  a  system  of  nine  seed  zones  was 

delineated  for  the  Maritime  Provinces  of 
Canada  (New  Brunswick,  Nova  Scotia,  and 
Prince  Edward  Island)  on  the  basis  of  climatic 
data,  a  forest  classification,  topographic  maps, 
phenological  data,  and  maps  of  equivalent  lati- 

tude (Fowler  &  MacGillivray  1967)   (fig.  6). 

Certification  Procedure  and  Costs 

The  certification  process  for  the  seed  pro- 
ducer begins  when  he  files  an  application  with 

the  certifying  agency.  The  application  should 
include  information  on  the  identity  of  the  seeds 
and  on  the  zone,  locality,  seed-production  area, 
or  seed  orchard  involved. 

An  inspector  from  the  agency  (usually  a 
forester  or  a  man  trained  by  foresters)  checks 
the  information  on  the  ground.  He  also  checks 
to  see  that  seed-production  areas  and  seed 
orchards  are  sufliciently  isolated  from  other 
trees  or  stands  that  might  contribute  to  the 
pollination  of  the  trees  on  the  designated  area. 
Preferably  he  should  check  the  areas  both  at 
the  time  of  flowering  and  near  the  time  of  seed 
harvesting.  (For  pines  this  requires  a  check 
for  each  seed  crop  in  two  successive  years.) 

Inspection  of  seed-production  areas  and  seed 
orchards  is  comparable  to  that  for  agricultural 
field  crops.  The  identification  of  the  exact  origin 
of  seeds  collected  from  wild  stands,  however, 
may  be  more  difl^cult  and  more  expensive. 

The  certifying  agency  normally  charges  a  fee 
to  cover  the  costs  of  inspection.  The  primary 
factor  influencing  the  cost  of  seed-source  identi- 

fication would  be  the  exactness  of  identification 

needed.  Any  sound  program  would  contain  these 
four  elements : 

(1)  The  inspector  must  determine  that  a 
crop  is  available.  To  do  this  he  might 
estimate  size  of  crop,  mark  specific 
seed  trees,  or  delimit  the  seed-col- 

lection area. 

(2)  The  inspector  must  observe  the  col- 
lectors at  work.  He  must  be  assured 

that  the  proper  fruits  are  being  harv- 
ested. If  warranted,  he  might  seal  or 

mark  bags  to  prevent  contamination 
or  adulteration. 

(3)  The  inspector  must  ascertain  that  the 
identity  and  purity  of  the  crop  is  safe- 

guarded during  collection,  fruit  ship- 
ment, seed  extraction,  and  storage. 

(4)  The  inspector  must  aflfix  evidence  or 
identification  to  the  seed  before  ship- 

ment and  document  his  action  (Rudolf 
et  al.  1963a,  Matthews  1964). 

Other  factors  also  will  influence  the  cost  of 
seed  identification.  These  include  size  of  col- 

lection, kinds  of  seed  trees,  remoteness  of  seed- 
collection  areas  and  precision  of  their  demarca- 

tions, methods  of  collection,  and  the  many  facets 
of  separate  handling  of  fruits  and  seeds  to 
maintain  identity  and  purity.  Large  collections 
fi'om  poorly  defined  areas  and  seed  trees  should 
cost  less  per  pound  than  small  collections  from 
selected  trees  in  well-defined  but  remote  local- 

ities (Rudolf  etal.  1963a). 

Experience  with  and  information  on  costs  for 
the  certification  of  tree  seed  are  limited  in  the 
LTnited  States.  Certified  tree  seed  may  cost  from 
a  few  cents  to  several  dollars  more  per  pound 
than  ordinary  seed.  Experience  in  the  Pacific 
Northwest  in  1966  indicated  that  source-identi- 

fied ("origin-certified")  seed  might  cost  from 
50  cents  to  $2.00  more  per  pound  than  other 
seed  (Hopkins  1968).  These  added  costs  may 
seem  high,  but  when  they  are  spread  over  an 
acre  of  plantation  they  become  modest.  For 
example,  if  certified  seed  cost  an  additional  $5 
per  pound  and  planting  were  at  the  rate  of 
1,000  trees  per  acre,  the  added  cost  per  acre  of 
plantation  would  be  only  about  20  cents  for  red 
pine,  25  cents  for  Douglas-fir,  and  70  cents  for 
slash  pine.  For  species  with  few  seeds  per  pound 
or  low  tree  percent  the  added  per-acre  cost 
would  be  relatively  high,  and  for  species  with  a 
large  number  of  seeds  per  pound  the  opposite 
would  be  true.  The  cost  will  be  reduced  also 
where  fewer  than  1,000  trees  per  acre  are 
planted  (Rudolf  et  al.  1963a). 

Whether  or  not  certification  is  economically 
justifiable  depends  on  the  improved  productivity 
of  the  stands  grown  from  certified  seed.  Calcula- 

tions based  on  logical  assumptions  as  to  costs 
and  returns  have  been  made  for  the  southern 
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pines  by  several  investigators.  Perry  and  Wang 
(1956)  concluded  that  genetic  improvements  of 
1  or  2  percent  would  more  than  justify  the  extra 
cost  involved  in  establishing  seed  orchards  or 
harvesting  from  seed-production  areas.  Berg- 

man (1968)  indicated  that  increases  in  mer- 
chantable wood  production  of  between  2  and  6 

percent  would  justify  the  production  costs  of 
seed  in  loblolly  pine  seed  orchards.  The  general 
conclusion  was  that  investment  in  seed  orchards 
was  economically  feasible  from  the  stumpage 

producer's  view  (Bergman  1968,  Davis  1967). 
We  can  infer,  therefore,  that  the  cost  of  certi- 

fied seed  could  be  justified  by  the  tree  grower. 

PROGRAMS  IN  OTHER  COUNTRIES 

Most  European  countries  exercise  some  con- 
trol over  the  forest  tree-seed  trade.  Many  of 

their  laws  are  similar  to  those  in  the  United 
States,  but  they  vary  greatly  in  detail  and 
stringency.  The  following  features,  however,  are 
common:  (1)  usually  tree-seed  regulation  falls 
under  the  government  department  responsible 
for  agriculture  (although  in  Switzerland  it  is 
the  Ministry  of  the  Interior)  ;  (2)  foresters 
commonly  check  for  compliance  with  regula- 

tions; (3)  labeling  as  to  place  and  elevation  of 
origin,  year  of  collection,  and  seed  quality 
usually  is  required;  and  (4)  frequently  the 
country  is  zoned  for  seed  collection  and  out- 
planting  (for  example,  each  species  is  zoned 
separately  in  West  (Germany).  Some  countries, 
such  as  West  Germany,  restrict  collection  to 

"certified"  stands  and  individual  trees.  Others, 
such  as  the  United  Kingdom,  provide  for  certi- 

fication done  by  forest  tree-seed  associations 
composed  of  public  and  private  users  and  pro- 

ducers of  seed  and  representatives  of  the  seed 
trade  (Rudolf  et  al.  1963b). 

Although  Canada  does  not  have  tree-seed 
laws,  British  Columbia,  the  Maritime  Provinces, 
and  Ontario  have  established  seed  collection 
zones  (Hoist  1962,  Fowler  and  MacGillivray 
1967).  The  bulk  of  forest  tree  seed  in  Canada 
is  collected  by  the  provincial  forest  services  and 
forest  industries;  commercial  collection  is  con- 

centrated in  British  Columbia.  Each  agency  sets 
i  its  own  standards  for  seed  collection  and  lot 

j  identification.  Current  tree  improvement  activ- 
ities in  9  of  the  10  provinces  are  progressing 

toward  the  production  of  improved  seed  for 
reforestation  purposes.  (Wang  and  Sziklai 
1969). 

The  FAO  for  several  years  has  been  urging 
the  use  of  uniform  international  seed  collection 
records.  In  recent  years  there  have  been  other 
developments  that  have  gone  further  in  stimu- 

lating international  cooperation.  A  committee  of 
foresters  from  Belgium,  France,  Italy,  Luxem- 

bourg,   Netherlands,   and   West   Germany    de- 

veloped rules  on  tree-seed  collection  and 
handling  that  went  into  force  in  these  Common 
Market  (European  Economic  Community) 
countries  in  1965  (Rudolf  1966a).  Furthermore, 
foresters  in  the  Scandinavian  countries,  where 
there  has  generally  been  much  voluntary  control 
over  the  seed  trade  without  legislation,  are 

working  together  to  develop  uniform  tree-seed 
rules  for  Denmark,  Finland,  Norway,  and 
Sweden. 

Of  even  wider  international  significance  is  the 
development  by  the  Organization  for  Economic 
Cooperation  and  Development  (OECD)  of  an 
international  program  for  the  certification  of 
forest  reproductive  material  moving  in  inter- 

national trade.  The  OECD  includes  about  20 
European  countries,  Japan,  Canada,  and  the 
United  States.  Under  its  sponsorship  a  com- 

mittee of  foresters  representing  several  coun- 
tries and  international  organizations  developed 

a  certification  scheme  that  consists  of  back- 
ground, definitions,  rules  and  directions,  and  a 

comprehensive  set  of  appendices  that  spells  out 
some  of  the  material  in  more  detail.  This  scheme, 

which  has  been  accepted  by  the  U.S.  Govern- 
ment, was  submitted  to  the  member  govern- 
ments and  approved  by  OECD  in  1967.  The 

definitions  included  in  this  scheme  (Rudolf 
1966b)  generally  coincide  with  those  used  in 
the  rules  accepted  by  the  Common  Market 
countries,  and  the  cei'tification  categories  are 
similar  to  and  have  the  same  names  and  tag 
colors  as  those  in  the  previously  listed  AOSCA 
minimum  standards;  i.e.,  certified,  selected,  and 
source-identified.  Provisions  are  included  to 
permit  countries  not  represented  in  OECD  to 
participate  in  the  program.  Several  member 
countries  offer  materials  under  the  OECD 

scheme.  Each  participating  country  has  com- 
piled a  list  of  its  reproductive  plant  materials, 

by  categories,  that  are  available  under  the 
scheme.  The  source  of  each  item  on  the  list  is 
designated  on  a  map.  Copies  of  the  list  and  the 
map  are  sent  to  OECD  for  distribution  to  all 
participating  countries. 
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Figure  5. — Seed  collection  zones  for  Oregon  and  Washington. 
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ABIES 

Pinaceae — Pine  family 

ABIES  Mill. Fir 

by  Jerry  F.  Franklin  ^ 

Growth  habit,  occurrence,  and  use. — Abies 
is  a  northern  hemisphere  genus  of  about  40 
evergreen  tree  species  found  in  North  and 
Central  America,  Asia,  Europe,  and  North 
Africa.  Nine  North  American  species  and  two 
of  their  varieties  are  listed  in  table  1.  Because 
introduced  Asiatic  and  European  species  are 
used  ornamentally  or  as  Christmas  trees,  seven 
of  these  are  also  included. 

Abies  typically  have  the  symmetrical  form  of 
a  classical  evergreen.  Details  vary,  but,  in 
general,   they  are  characterized  by  relatively 

Pacific  Northwest  Forest  and  Range  Exp.  Stn. 

narrow,  often  spirelike,  crowns  and  distinct 
whorls  of  branches.  Throughout  much  of  the 
world,  their  heights  at  maturity  average  50  to 
100  feet  except  near  timberline,  where  they  may 
be  reduced  to  shrub  size.  Most  mature  Abies 
native  to  the  western  United  States  grow  from 
100  to  over  200  feet  tall  on  average  sites. 

Abies  species  occur  from  sea  level  to  timber- 
line,  but  a  majority  are  found  at  middle  to  high 
elevations  in  mountainous  areas  and  attain 
maximal  development  on  these  relatively  cool, 
moist  sites.  Abies  are  also  found  in  many  boreal 
regions,  e.g.,  A.  sibirica,  and  a  few  are  com- 

ponents of  low-elevation,  temperate  forests,  e.g., 
A.  grandis  and  A.  balsamea. 

Table  1. — Abies:  nomenclature,  occurrence,  and  uses;  data  compilers 
Scientific  names  and 

synonyms 
Common  names Occurrence Uses Data  compilers 

for  the  species 
4.  alba  Mill   

A.  pectinata  DC. 
A.  picea  Lindl. 

A.  amabilis  (Dougl.)  Forbes. 

A.  balsamea  (L.)   Mill. 

4.  bracteata  D.  Don     
A.  venusta  (Dougl.)  K. 

Koch. 

A.  concolor  (Gord.  &  Glend.) 
Lindl. 

A.  lou'iana  (Gord.)  A. 
Murr. 

A.  grandis  var.  lowiana 
(Gord.)  Hoopes. 

A.  concolor  yav.  lotviana 
(Gord.)  Lemm. 

4.  firma  Sieb.  et  Zucc.       

4.  frnseri  (Pursh)  Poir. 

European  silver 
fir,  common 
silver  fir,  silver 
fir,  Swiss  pine. 

Pacific  silver  fir, 

lovely  fir,  ama- 
bilis fir,  Cas- 

cades fir,  white 
fir,  silver  fir. 

balsam  fir,  bal- 
sam, Canada 

balsam,  east- ern fir. 

bristlecone  fir, 
Santa  Lucia 
fir,  silver  fir. 

white  fir,  white 
balsam,  balsam 
fir,  pino  real 
bianco,  con- color  fir. 

Japanese  fir, 
momi. 

Fraser  fir.  south- 
ern balsam  fir, 

she-balsam. 

Mountains  of  central  and 
southern  Europe. 

Southeastern  Alaska, 
coastal  British  Columbia, 
Coast  and  Cascade 
Ranges  of  Oregon  and 
Washington  and  rarely 
in  Klamath  Mountains 
of  California. 

Labrador  and  Newfound- 
land south  to  New  York 

and  Pennsylvania,  west 
to  central  Wisconsin  and 
Minnesota,  north  and 
west  to  Alberta ;  gen- 

erally south  of  55°  N. 
latitude,  except  in  Al- 

berta and  Saskatchewan. 
Santa  Lucia  Mountains, 

Monterey  County,  Calif. 

Rocky  Mountains  from 
southern  Idaho  and  west- 

ern Wyoming  to  southern 
New  Mexico,  west  to 
northern  Lower  Califor- 

nia, Mexico,  and  southern 
California,  and  north  to 
central  and  northeastern 
Oregon. 

Mountains  of  central  and 
southern  Honshu,  Shi- 
koku,  and  Kyushu,  Japan. 

Appalachian  Mountains  of 
West  Virginia,  southern 
Virginia,  western  North 
Carolina,  and  eastern 
Tennessee. 

T,  W,  E   ._    Jerry  F.  Franklin. 

T,  W,  E. 

Do. 

T,  H,  W,  E A.  C.  Hart  and 
L.  0.  Safford. 

W,  E 

T,  W,  E 

Donald  T.  Gordon  and 
John  Dourley. 

Donald  T.  Gordon  and 
Jerry  F.  Franklin. 

T,  W,  E 

T,  W,  E 

Jerry  F.  Franklin. 

LeRoy  Jones  and D.  Benson. 
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Table  1. — Ahies:  nomenclature,  occiirrence,  and  uses;  data  com^Ji/^rs— Continued 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses' 

Data  compilers 
for  the  species 

A.  grandis   (Dougl,)    Lindl. 
A.  excelsior  Franco. 

A,  homolepis  Sieb.  et  Zucc. 

A.  lasiocarpa  (Hook.)  Nutt. 
var.  lasiocarpa. 

A,  lasiocarpa  var.  arizonica 
(Merriam)  Lemm. 

A.  magnifica  A.  Murr.  var. 
magnifica. 

A.  tnagnifica  var.  shastensis 
Lemm. 

A.  mariesii  Mast. 

A.  nordmanniana  (Steven) 
Spach. 

A,  prncera  Rehd. 
A.  nobilis  (DougL)  Lindl. 

A.  sachalinensis  Fr.  Schm. 

A.  veitchii  Lindl. 
A.  sikokiana  Nakai. 

grand  fir,  lowland 
white  fir,  wViite 
fir,  balsam  fir. 

Nikko  fir,  urajiro- 
momi,  dake- momi. 

subalpine  fir, 

alpine  fir,  bal- sam fir,  white 
fir,  pino  real 
bianco  de  la 
sierras. 

corkbark  fir, 
alamo  de  la 

sieiTa,  Ari- zona fir. 

California  red  fir, 
red  fir,  golden 
fir,  white  fir. 

Shasta  red  fir, 
Shasta  fir,  sil 
vertip. 

Maries'  fir, 
Aomori-todo- matsu, 

o-shirabiso. 
Nordmann  fir, 

Caucasian  fir, 
Crimean  fir. 

noble  fir,  red  fir, 
white  fir,  larch. 

Sakhalin  fir, 
todomatsu. 

Veitch  fir, 

Veitch's  silver fir,  shirabe, 
shirabiso. 

Western  Montana  and  T,  W,  E 
northern  Idaho  to  south- 

ern British  Columbia, 
south  to  Sonoma  County 
in  coastal  California  and 
eastern  Oregon. 

Mountains  of  central  T,  W,  E 
Honshu  and  Shikoku. 

Western  Northwest  Terri-        T,  W,  E 
tories,  Yukon,  and  south- 

eastern Alaska, south 

through  British  Colum- 
bia, southeast  Alberta 

to  Oregon,  and  in  Rocky 
Mountains  to  Arizona 
and  New  Mexico;  local 
in  northern  California 
and  northeastern  Nevada. 

Southeastern  Arizona  east       T,  W,  E 
to  south  central  New 
Mexico,  and  north  to 
southwestern  Colorado; 

reported  locally  in  cen- tral Colorado. 
Sierra  Nevada,  southern  T,  W,  E 

Cascade  Range,  and 
north  Coast  Ranges  in 
California  and  adjacent 
Nevada. 

Oregon  Cascade  Range  T,  W,  E 
(about  44°  N.  latitude) 
south  through  north 
Coast  Ranges  and  south 
Cascade  Range,  Calif., 
and  in  southern  Sierra 
Nevada,  Calif. 

Mountains  of  northern  and       T,  W,  E 
central  Honshu,  Japan. 

Western  Caucasus  and  T,  W,  E 
mountains  connecting 
Caucasus  with  Armenian 
highlands. 

Washington  Cascade  Range     T,  W,  E 
(about  48°  N.  latitude) 
south  through  Cascade 
Range  and  high  peaks  of 
Coast  Ranges  to  south- 

west Oregon  and  north- 
west California. 

Hokkaido,  Japan;  Sakalin        T,  W,  E 
and  Kurile  Islands  of 
USSR. 

Mountains  of  Honshu  and         T,  W,  E 
Shikoku,  Japan. 

Jerry  F.  Franklin  and 
Robert  D.  Pfister. 

Jerry  F.  Franklin. 

Do. 

John  R.  Jones. 

Jerry  F.  Franklin. 

Do. 

Do. 

John  R.  Jones. 

Jerry  F.  Franklin. 

Do. 

Paul  0.  Rudolf. 

'  T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 

Utilization  of  Abies  species  has  increased 
during  the  last  two  decades.  Eight  of  the  nine 
Abies  native  to  the  United  States  are  com- 

mercially valuable  as  timber  even  though  their 
wood  is  softer,  weaker,  and  more   perishable 

than  that  of  many  tree  associates.  Exceptions 
are  A.  procera  and  A.  macinifica  which  produce 
stronger  and  more  durable  wood  than  other 
Abies.  A.  amabilis,  A.  concolor,  A.  grandis,  A. 
mag)iifica  (including  var.  shastensis),  A.  pro- 
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cera,  and,  to  a  lesser  extent,  A.  balsamea  and  A. 
lasiocay-pa  are  utilized  as  lumber  and,  in  some 
cases,  as  plywood.  Large  quantities  of  A.  pro- 
cera  and  A.  amabilis  are  exported  to  Japan 
where  their  soft,  white  wood  is  popular  in 
building  construction.  Abies  spp.  are  also  a 
valued  source  of  pulpwood.  A.  balsamea  and  A. 
amabilis  are  mainstays  of  the  pulpwood  industry 
in  northeastern  and  northwestern  North 
America,  respectively.  In  fact,  all  native  Abies, 
except  the  rare  A.  bracteata,  are  utilized  as  pulp- 

wood whenever  supplies  are  adjacent  to  a  local 
market.  Most  native  and  some  exotic  Abies  are 
now  grown  for  Christmas  trees  and  command 
premium  prices. 
Many  Abies  forests  provide  high  scenic 

values,  as  well  as  cover  for  mountainous  water- 
sheds. They  occupy  sites  that  are  critical  to 

maintenance  of  high-quality,  well-regulated 
streams.  These  same  sites  are  often  important 
for  recreation.  The  attractive  appearance  of 
Abies  trees  also  makes  them  valuable  in  urban 
plantings;  horticultural  manuals  provide  de- 

tailed guides  for  their  use. 
Increased  use  of  Abies  for  economic  products 

and  site  protection  in  the  United  States  and 
abroad  has  stimulated  a  sizable  commerce  in 
seed  and  seedlings.  Whereas  over  two  decades 

ago  it  was  said  that  only  five  species  ".  .  .  are used  in  reforestation  work  in  the  United  States, 

and  these  to  a  very  small  extent"  (117),  this  is 
no  longer  the  case.  Regular  use  is  made  A.  ama- 

bilis, A.  balsatnea,  A.  concolor,  A.  grandis,  A. 
7nagnifica  (including  var.  shasteiisis),  and  A. 
procera,  plus  occasional  use  of  A.  lasiocarpa  and 
A.  fraseri. 

Geographic  races. — Knowledge  of  geographic 
races  in  North  American  Abies  spp.  is  limited, 
although  many  horticultural  varieties  are 
recognized.  Most  of  what  is  known  involves 
three  widespread  species  groups:  A.  concolor-A. 
grandis,  A.  procera-A.  magnifica,  and  A.  bal- 
samea-A  fraseri-A.  lasioearpa.  Some  seed 
sources  are  superior  for  specific  uses  such  as 
Christmas  trees  or  locales  (e.g.,  6S),  but  in- 

formation on  these  aspects  generally  has  not 
been  systematized. 

Geographic  variation  in  A.  grandis  and  A. 
concolor  has  been  studied  most;  both  are  wide- 
ranging  species,  occupying  a  diversity  of 
habitats.  Muller  (75,  76)  first  examined  A. 
grandis  and  recognized  five  climatic  forms. 
Through  recent  studies  (19,  Ul,  61),  a  major 
belt  of  hybridization  and  introgression  between 
A.  grandis  and  A.  concolor  has  been  recognized, 
extending  from  the  Klamath  Mountains  of 
northern  California  through  southwestern 
Oregon,  along  the  eastern  slopes  of  the  Oregon 
Cascade  Range  and  into  northeastern  Oregon  to 
the  Salmon  Mountains  of  central  Idaho.  Even 

within  this  zone  of  intergradation,  regional 
facies  have  evolved  (19).  These  major  geo- 

graphical units  appear  useful  for  A.  grandis  and 
A.  concolor,  although  variation  between  them  is 
sometimes  continuous : 

Species  Georgraphic  location 
A.  grandis  Coastal    lowlands    of    southern    British 

Columbia,  Washington,  Oregon,  and 
California,  including  lower  elevations 
on  the  west  slopes  of  the  Cascade 
Range. 

A.  grandis  Eastern  slopes  and  higher  elevations  in 
the  Cascade  Range  north  of  about 
44°  to  45°  north  latitude. 

A.  grandis  Northern  Idaho  and  interior  of  southern 
British  Columbia. 

Intergrade  Klamath  Mountains  and  Cascade  Range 
of  southwestern  Oregon  and  northern 
California. 

Intergrade  Blue,  Ochoco,  and  Wallowa  Mountains 
of  northeastern  Oregon,  west  central 
Idaho. 

A .  concolor  - _    _   Sierra  Nevada,  Calif. 
A.  concolor  Southern   Rocky   Mountains   and   south- 

ern California. 

Similar  intergradation  may  exist  between  A. 
procera  and  A.  magnifica,  two  species  which  are 
highly  interfertile  (100)  and  produce  hybrids 
similar  in  seed  and  seedling  characteristics  to 
A.  magnifica  var.  shastensis.  Populations  in 
southern  Oregon  and  northwestern  California 
have  been  variously  called  A.  procera  and  A. 
mag)iifica  var.  shastensis  and  often  resemble  the 
former  morphologically  and  the  latter  ecologi- 

cally (69).  There  are  indications  of  a  latitudinal 
gradient  (35),  with  a  major  discontinuity  at 
about  44°  north  latitude  in  the  Cascade  Range. 

Significant  variation  has  also  been  recognized 
in  A.  balsamea,  A.  fraseri,  and  A.  lasiocarpa. 
Varieties  of  A.  balsamea  have  been  described, 
with  var.  phanerolepis  most  important;  varia- 

tion appears  continuous  and  related  to  altitu- 
dinal  and  geographic  gradients  (78).  A.  balsa- 

mea is  closely  related  to  A.  fraseri,  and  hybridi- 
zation between  them  has  been  suggested.  These 

two  taxa  seem  to  be  closely  related  relicts  of  an 
ancestral  taxa  which  may  have  exhibited  north- 
south  clinal  variation  (78,  91).  A.  lasiocarpa 
may  also  hybridize  with  A.  balsamea  where  they 
adjoin  in  Alberta  (96)  ;  some  investigators  have 
suggested  A.  lasiocarpa  be  reduced  to  a  variety 
of  A.  balsamea  (9).  The  widespread  A.  lasio- 

carpa certainly  exhibits  geographic  variation. 
A.  lasiocarpa.  var.  arizonica  is  a  distinctive, 
long-recognized  variety  which  develops  a  thick, 
corky  bark. 

In  summary,  significant  geographic  variation 
has  been  recognized  in  many  Abies  species.  This 
variation  must  be  considered  in  selection  of  seed. 
Where  taxonomy  is  confused  and  hybridization 
probable,  as  for  A.  grandis-A.  concolor  and  A. 

-  Often  referred  to  as  A.  concolor  var.  lowiana. 
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procera-A.  magnifica,  the  geographic  location  of 
the  seed  source  is  more  important  than  the 
specific  or  varietal  name  applied  to  the  local 
population.  Use  of  local  seed  is  obviously  safest 
until  patterns  of  variation  in  Abies  species  are 
better  understood. 

Flowering  and  fruiting. — The  unisexual  strob- 
ili  of  Abies  are  typically  borne  high  in  the 
crown.  Female  strobili  are  found  on  uppermost 
branches,  where  they  occur  singly  or  in  small 

groups  on  the  upper  side  of  the  previous  year's 
twig  growth.  Male  strobili  cluster  densely  along 
the  undersides  of  1-year-old  twigs  and  generally 
occur  lower  in  the  crown  than  female  strobili, 
although  both  male  and  female  are  occasionally 
found  on  the  same  branchlet.  Female  strobili 
quickly  elongate  upward  following  bud  burst, 
and  in  early  development  stages  bracts  are  con- 

spicuous (fig.  1).  Male  strobili  enlarge  following 
bud  burst  but  take  on  an  elongated,  tassel  form 
only  during  and  after  pollen  shedding  (fig.  2). 

At  maturity,  Abies  cones  are  3  to  10  inches 
long  and  typically  have  a  cylindric  or  ovoid 
shape  (fig.  3).  In  some  species,  bracts  are  over- 

grown by  cone  scales  early  in  development;  in 
others,  the  bracts  remain  conspicuous,  nearly 
covering  the  entire  surface  of  the  cone  in  A. 
procera.  Each  school  bears  two  seeds  at  its  base. 

although  scales  near  the  tip  and  base  of  the 
cone  typically  lack  fertile  seeds.  Ripening  and 
seed  dispersal  take  place  the  same  fall  and  in- 

volve separation  of  cone  scales  and  seeds,  leaving 

only  the  spikelike  cone  axis  on  the  tree.  Sepa- 
ration of  scales  and  seed  from  the  axis  may  be 

relatively  active  in  species  where  scales  are 
distorted  during  drying;  in  species  where  scales 
are  not  distorted,  separation  is  passive,  requir- 

ing branch  movement  or  other  disturbance  for 
dislodgment  {37).  Wind  is  the  chief  agent  for 
dispersal  of  seed.  Although  most  seed  is  usually 
disseminated  in  the  fall  (table  2),  seedfall  of 
some  Abies  species  may  continue  well  into  the 
winter  (^5,  92). 

A  mature  seed  has  a  large  wing  and  is 
typically  ovoid  or  oblong  in  shape  (fig.  4).  The 
I'ather  soft  seedcoat  is  a  shade  of  brown,  tan,  or, 
rarely,  cream  in  color  and  contains  resin 
vesicles.  The  number,  character,  and  placement 
of  the  vesicles  vary  with  species.  Most  of  the 
seed  is  occupied  by  a  fleshy  endosperm  and  a 
well-developed  embryo  which  may  extend  nearly 
the  length  of  the  endosperm  (fig.  5).  The  coty- 

ledons, which  vary  from  three  to  14,  are  well 
difl'erentiated. 

Seed  bearing  of  most  Abies  typically  begins 
at  20  to  30  years,  with  larger  seed  crops  gener- 

FiGURE  1. — Ahics  procera,  noble  fir:  female  strobili  at 
receptive  stage,  1  X . 

Figure  2. — Ahics  procera,  noble  fir:  male  strobili  at  time 
of  pollen  shedding,  1  X  . 
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g^!^"^^^ 

A.  amabilis 

Pacific  silver  fir 

A.  balsamea 

balsam  fir 
A.  concolor 
white  fir 

A.  fraseri 
Fraser  fir 

A.  magnifica  var.  shastensis 
Shasta  red  fir 

A.  lasiocarpa  var.  lasiocarpa 

subalpine  fir A.  procera 
noble  fir 

Figure  3. — Abies:  mature  female  cones,  VzX. 
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Table  2. — Abies:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 
dates 

Seed  dispersal 

dates ' 

Data 
source 

A.  alba   

A.  aniabilis 

A.  balsamea  . 

A.  bract eata 

A.  concolor 

A.  firma  ̂ 

A.  fraseri 

Europe 

Western  Washington  and 
Oregon,  500-1,200  ft. 

Vancouver  Island,  British 
Columbia,  1,500  ft. 

Lewis  County,  Wash., 
4,800  ft. 

Minnesota 

A.  grandis 

A.  homolepis 

A.  lasiocarpa 
var.  lasiocarpa 

var.  arizonica 

A.  magnifica, 
var.  magnifica 

var.  shastensis 

A.  mariesii  .   

A.  nordmanniana 

A.  procera     . 

A.  sachalinensis 
A.  veifchii     ____ 

Santa  Lucia  Mountains, 
Monterey  County,  Calif. 

Stanislaus  National  Forest, 
Calif.,  6,000  ft. 

Fremont  National  Forest, 
Oreg.,  5,000  ft. 

Japan          

Roan  Mountain,  N.C. 

Northern  Idaho,  2,300- 
3,275  ft. 

Western  Washington  and 
Oregon,  300-1,200  ft. 

Linn  County,  Oreg., 
4,800  ft. 

Mendocino  County,  Calif. 
200  ft. 

Japan       

Northern  Idaho,  2,800  ft. 

Eastern  Montana.  6,300  ft. 
Linn  County,  Oreg.,  5,300  ft. 

San  Francisco  Peaks, 
Coconino  County,  Ariz. 

Southwestern  Oregon, 
5,600-6,000  ft. 

Northern  California  Coast 
Ranges,  6,000  ft. 

Shasta  County,  Calif., 
5,000-6,000  ft. 

Japan          

May  to  mid- June 
Mid-Sept,  to Mid-Sept,  to 

105,  117 

mid-Oct. mid-Oct. 

Late  April  to  May Late  Aug. Late  Aug.  to  Sept. m 

Mid-May  to  June ... Mid-Sept. 
21,  JtS 

June "                ... 
Mid-Sept.' 

37 

Mid-  to  late  May Late  Aug.  to 
early  Sept. 

Mid-Sept.     ..   ..... 66 

Late  April  to Early  Oct.       1 

early  June. 
Late  April  to 

Late  Aug. Mid-Sept. 17,  6J,,  77 
early  May. 

May  to  June Sept.  to  Oct. Sept.  to  Oct. 

117 

Late  May           Late  Sept.  to  Oct. 30 

Mid-May  to 

in 

early  June. 
Late  April  to Mid-  to  late  Oct. Late  Oct.  to 

5,  65 mid-May. early  Nov. 
Mid-Mav  to 

Sept.  to  mid-Oct. 
Oct.  to  early  Nov. 

117 

early  June. 
Mid-May  to 

Sept.           Sept.  to  Oct. 109 
early  June 

Mid-June Aug.   Early  Sept. 

113 
Mid-April  to Late  Aug.  to 

IIU 

mid-May. 

mid-Sept.'- 

Early  to  mid- .  Early  Oct. 

37 

June. 
Late  March  to 

17 

early  April. 
Mid-May  to Mid-  to  late  Sept. Mid-  to  late  Sept. 

5,31i,  65 mid-June. 

Late  June  to 
early  July. 

Mid-Aug. Mid-Sept. 113 

Russian  Georgia 
Benton  Countv,  Oreg., 

4,000  ft. 
Linn  County,  Oreg., 

4,700  ft.  " 
Lewis  Countv,  Wash., 

4,800  ft. 
Hokkaido,  Japan 
Japan    

Early  to  mid- July 
Late  May  to 

early  July. 

Late  Aug. Earlv  Sept. 

Early  Oct. 

113 

37 

Late  June Mid-Sept,  to 

early  Oct. 
Late  Sept.  to 

early  Oct. 

83, 

Late  May  to Aug. 

Sept.  to  Oct. 

Late  Sept.  to 
mid-Oct. 

Early  to  mid-Oct. 

29 
early  June. 

Mid-  to  late  June Late  Sept. 

Late  Sept. 

34 

3i 

Mid-Oct. 

34 

Mid-  to  late  June 

May             .. 

Mid-  to  late  Sept. 

Sept.  to  Oct.     . 
After  Oct.  1 
Mid-  to  late  Sept. 

Late  Sept.  to 
early  Oct. 

Early  Oct. 

5 

111 

67 

June           

37 

June Mid-  to  late  Sept. Early  Oct. 

37 

June  to  early July. 

May  to  June 

June 

Late  Sept. 

Sept.  to  Oct. 
Sept.  to  early 

Oct. 

Early  Oct. 

Oct. 
Sept.  to  Oct. 

37 

65 
5 

'  Beginning  of  seed  dispersal.  Seedfall  is  often  drawn  out  over  long  periods  of  time  in  Abies. 
"A.  amabilis  pollen  and  seed  dispersal  were  studied  over  a  transect  from  2,800  to  5,000  feet.  Pollen  shedding 

started  in  mid-May  at  2,800  feet  and  progressed  upslope  about  100  feet  per  day;  there  was  1  month  difference 
between  2,800  and  5,000  feet.  There  was  no  gradient  in  seed  dispersal. 

"  Except  in  mid-August  at  300-foot  elevation  in  Curry  county,  Oreg. 
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A.  amabilis  A.  balsamea         A.  fraseri 

Pacific  silver  fir  balsam  fir  Fraser  fir 

J ] 
A.  grandis  A.  lasiocarpa         A.  magnifica 
grand  fir  subalpine  fir  California  red  fir 

Figure  4. — Abies:  seeds,  1  X. 

ally  occurring  at  2-  to  4-year  intervals  (table  3). 
There  is  evidence  of  a  3-year  cycle  for  good 
crops  on  several  northwestern  Abies  (33),  with 
climatic  conditions  determining  whether  the 
potential  bumper  crop  is  realized.  Other  species 
seem  to  have  2-year  periodicity. 

Many  agents  reduce  seed  yields.  Typically,  a 
large  amount  of  mature  Abies  seed  is  empty.  In 
one  example,  A.  aynabilis  cones  were  found  to 

7mm 

Lo 

radicle 

Figure  5. — Abies  magnifica  var.  magnifica,  California 
red  fir :  longitudinal  section  through  a  seed,  12  X . 

contain  65  to  93  percent  empty  seed  (123). 
Keen  (60)  noted  35  to  72  percent,  and  75  per- 

cent sterile  or  empty  seed  in  A.  concolor  and  A. 
magnifica,  respectively.  Extensive  collections  of 
unprocessed  seed  of  A.  procera,  A.  magnifica 
var.  shastensis,  A.  lasiocarpa,  A.  amabilis,  and 
A.  grandis  have  revealed  similar  high  percent- 

ages of  empty  seed  (34).  The  factors  responsible 
have  not  been  identified,  but  inadequate  pollina- 

tion and  genetic  irregularities  have  been  sug- 
gested. Collection  of  immature  seed  and  im- 
proper cone  and  seed  processing  may  also 

contribute  to  the  nonviable  fraction  in  com- 
mercial seed  lots. 

Seed  production  may  also  be  reduced  by  ad- 
verse climatic  conditions,  squirrels,  and  birds. 

Female  strobili  may  be  wholly  or  partially 
aborted  up  to  6  to  8  weeks  after  bud  burst  by 
late  spring  frosts  (37).  Pollen  dispersal  can  be 
reduced  by  adverse  weather.  Abies  cones  are  a 
preferred  source  of  food  for  squirrels  in  some 
localities  (101).  Large  quantities  of  cones  are 
cut  and  cached;  such  cutting  may  also  reduce 
future  cone  crops  (31). 

Cone  and  seed  insects  may  significantly  re- 
duce seed  yields  and  occasionally  totally 

destroy  seed  crops  (60,  lOi).  Seed  chalcids 
(Megastigmus  spp.)  are  most  common  and  may 
be  abundant  enough  to  have  a  major  impact. 
For  example,  Megastigmus  pinus  typically  in- 

fest 8  to  10  percent  of  A.  concolor  seed  and 
have  destroyed  as  much  as  60  percent  of  a  crop 
(60).  Cone  moths  (e.g.,  Barbara  colfaxiana 
siskiyouana  and  Dioryctria  abietella)  and  cone 
maggots  (Earomyia  spp.)  cause  the  most  con- 

spicuous damage  (4-,  60,  86)  ;  all  seeds  are  lost 
in  heavily  infested  cones.  Cone  and  scale  midges 
cause  no  significant  loss,  but  seed  or  gall  midges 
may  reduce  seed  yields  by  fusing  seeds  to  cone 
scales;  germinability  of  galled  A.  procera  seed 
is  apparently  not  reduced,  however  (3Jf). 

Collection  of  fruits. — Abies  cones  are  usually 
collected  by  hand  from  standing  or  recently 
felled  trees,  or  from  squirrel-cut  cones  on  the 
ground  or  in  caches.  In  the  western  United 
States,  extensive  collections  are  made  in  40-  to 
70-year-old  stands  which  have  developed  on  old 
burns ;  trees  on  these  sites  are  often  open-grown 
and  easy  to  climb.  There  is  some  danger  in 
climbing  Abies:  stems  are  relatively  brittle,  and 
tops  may  break  out.  Collection  of  squirrel-cut 
cones  is  easier,  and  there  is  no  evidence  that 
seed  collected  in  this  way  is  inferior.  Observa- 

tions in  the  Pacific  Northwest  suggest  squirrels 
do  not  begin  to  cut  in  quantity  until  after  cones 
have  matured,  and  the  cones  are  typically  cached 
in  cool,  moist  microsites  conducive  to  after- 
ripening  (3  If). 

The  period  available  for  cone  collection  is 
short — about  a  month  between  fruit  ripening 
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and  the  beginning  of  seed  dispersal  (table  2). 
Since  Abies  cones  disintegrate,  collection  is  not 
possible  after  dispersal  begins. 

Germinative  capacity  of  AhieH  seed  increases 
almost  up  to  time  of  dissemination  {81,  85,  102, 
12U,  125).  Cone  and  seed  maturity  indices  have 
been  sought  for  A.  procera  {23,  32,  00)  and  A. 
grandis  {85)  to  identify  the  earliest  possible 
collection  date  (table  3).  Proposed  indices  are 
based  on  crude  fat  content  of  the  seed  (.90) ,  cone 
specific  gravity  {32,  85),  and  loosening  of  seed 
from  cone  scales  and  color  of  seed  wings  {85). 

Artificial  ripening  studies  have  shown  that 
germinability  of  seed  can  be  improved  by  storing 
cones  which  are  collected  early  under  cool,  moist 
conditions  for  several  weeks  {23,  81+).  Storage  in 
moist  peat  moss  has  proved  deleterious,  however 
{32,  8 J,). 

Extraction  and  storage  of  seeds. — Seed  of 
some,  perhaps  all,  Ahies  species  undergoes  two 
stages  or  ripening  {23).  The  first  involves  move- 

ment of  materials  from  the  cone  scales  into  the 
seed.  The  second  (sometimes  referred  to  as 

after-ripening)    involves  metabolic  changes  in 

Table  3. — Ahies:  height,  seed-hearing  age,  seed  crop  frequeiici/,  a}id  cone  ripeness  criteria 

Year  Seed-bearing 
Height           of  age 

Species  at  ma-         first   
turity         culti-  Mini-       Data 

  vation  mum      source 

Feet  Years 

A.  alba         80-140         (')  25-30       70 

A.  amabilis       100-200       1830  30       3i 
A.  halsamea           40-60       1698  15       9J, 

20-30       7  J,,  127 
A.  bracteata         30-100       1853 
A.coyicolor         80-180       1851  40       117 
A.  firnia          90-130 

A.  fraseri           30-70       1811  15       109 

A.  grandis .       115-200       1830  20       26,29 

A.  homolepis    70-90 

Interval  between 
large  seed  crops 

Time Data 
source 

Cone  ripeness  criteria 
and  data  source 

Years 

2-3 

^■4-6 
■••3-6 

2 

18,120 120 

33 9,  51,71,  7  If 

2-4  29,127 
3-5  117 

2-4  10,  29,  30 
4-6  5 

3 

'2-3 

5-7 

109 

27 

26,  33 

A.  lasiocarpa 
var.  lasiocarpa 30-110 1866 20 

26,  29 2-4 
26,29,33 

var.  arizonica 30-110 1901 50 
58 

2-3 

58 

A.  magnifica 
var.  ynagnifica 100-160 1851 35-45 

31, 

2-3 
10,  29 var.  shastensis 100-160 1897 30-40 

34 

2-3 29,33 
A.  mariesii.. 40-70 1879 

5-7 5 

A.  nordmanniana 125-175 1848 30-40 111 2-3 
111 A.  procera   140-230 1830 

"  12-15 
108 

^3-6 

33 

A.  sachaliyiensis 70-100 1879 2-4 5 

A.  veitchii   60-80 1865 
30 

5 
5-6 

5 

Cone  moisture  content  drops  to 

60  percent. 

Specific  gravity  of  0.85.  81 
Greenish  cone  changes  to 

yellowish  brown  and  loses 
luster.  5 

Blue-green  cones  change  to 
brown.  109 

Specific  gravity  of  0.90,  seeds 
detached  from  scales,  seed 
wing  color  changes  from 

purple  to  brown  (on  green- colored  cones  only).  85 
Greenish  cone  changes  to 

yellowish  brown  and  loses 
luster.  5 

Specific  gravity  of  0.75.  81 

Bluish-purple  cone  changes  to 
brown  and  loses  luster.  5 

Specific  gravity  of  0.90;  crude 
fat  content  of  0.25  g./g.  of 
seed.  32,  90 

Bluish-purple  cone  changes  to 
brown  and  loses  luster.  5 

Bluish-purple  cones  change  to 
brown.  5 

^  Long  cultivated,  first  introduced  to  Great  Britain  in  1603. 
"  At  higher  elevations  in  central  Europe. 
^  Over  Oregon  and  Washington  there  generally  appears  to  be  a  3-year  cycle,  but  individual  locations  may  go  5 

to  6  years  between  crops. 

*  Minimum  age  for  commercial  seed  bearing. 
'^  A.  grandis  has  been  reported  to  be  a  poor  cone  producer  in  the  northern  Rocky  Mountains  HO),  bearing  only 

two  fair  cone  crops  over  an  8-year  period  and  in  Great   Britain   (70)  where  crops  occur  at  3-  to  5-year  intervals. 
"  More  typically,  seed  bearing  begins  at  25  to  30  years,  with  commercial  crops  beginning  at  30  to  35  years,  both 

inside  (Si)  and  outside  (70)  its  range. 
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the  seed  itself.  For  this  reason,  seed  should  not 
be  extracted  from  cones  immediately  after  col- 

lection, particularly  not  from  early-collected 
cones.  Immediate  extraction  can  result  in  seed 
of  low  viability  (23,  90, 102). 

In  practice,  sacked  Ahies  cones  are  usually 
stored  for  periods  of  several  weeks  or  months  in 
drying  sheds.  Sacks  of  cones  should  not  be 
stacked;  good  air  circulation  is  needed  to  pre- 

vent heating  and  molding. 
Processing  of  Ahies  cones  is  similar  to  those 

of  other  conifers  (table  4).  Cones  are  kiln-dried 
at  85°  to  100"  F.,  or  air-dried  for  1  to  3  weeks 
or  more  at  70°  to  85°  F.  The  partially  or  wholly 
disintegrated  cones,  consisting  of  axes,  scales, 
bracts,  and  seeds,  are  then  tumbled,  shaken,  and 
screened  to  separate  the  seed.  The  seeds  are 
dewinged  by  hand  or  mechanically.  Wings  and 
other  impurities  are  removed  in  one  or  more 
stages  by  fanning  and  vibratory  separation. 
Cone  and  seed  yields  are  in  table  5  and  numbers 
of  seeds  per  pound  are  in  table  6. 

Abies  seed  is  relatively  fragile  and  can  be 
damaged  easily,  especially  during  dewinging 
{3,  93,  123).  Viability  losses  in  storage  may 
actually  be  due  to  processing  damage  {S9). 
Hand  dewinging  has  been  recommended  to 
minimize  damage  to  A.  balsamea  seed  (93). 

In  the  United  States,  seed  is  generally  stored 
in  unsealed  drums,  cans,  or  plastic  bags  at  or 
near  0°  F.  (table  4).  A  low  seed  moisture  con- 

tent (9  to  12  percent)  is  best;  seed  with  high 
moisture  content  stores  poorly.  Studies  and 
experience  have  shown  that  Abies  seed  can  be 
stored  at  low  temperatures  for  5  years  or  more 
without  significant  loss  in  viability  (2,  12,  49, 
54).  Storage  in  sealed  containers  may  prolong 
longevity.  Under  ordinary  storage  conditions 
(I'oom  temperature,  open  containers),  Abies 
seeds  retain  little  or  no  viability  after  1  year 
(63,  93,  97). 
Pregermintion  treatments. — Dormancy  of 

Abies  seed  appears  to  be  both  physical  and 
physiological  in  nature.  In  A.  procera,  dormancy 
appears  related  to  restriction  of  the  embryo  in 
some  way  by  the  integument  perhaps  in  oxygen 
exchange)  and  possibly  to  biochemical  factors 
(an  inhibitor)  (23).  Excised  embryos  from  un- 
stratified  A.  procera  seed  grow  as  well  as  those 
from  stratified  seed;  furthermore,  chipping  of 
the  seedcoat  is  as  effective  (or  more  so)  as 
stratification  in  stimulating  germination  of  A. 
procera,  A.  amabilis,  and  A.  gi-andis  seed  (23). 

Variation  between  seed  lots  in  degree  of 
dormancy  is  undoubtedly  responsible  for  differ- 

ences in  opinion  about  the  need  for  pregermina- 

Table  4. — Abies:  cone  dryiyig  schedules  and  seed  storage  conditions 

Species 

Cone  drying  schedule Seed  storage  conditions 

Air- 

Kil n-drying  period 

Temper- ature 
Viable 

period 

Data 
drying 

period ' 

Time          ''Sr 
Seed 

moisture 
source 

Days 
Hours               °F. 

Percent 

°F. 

Years 
60-180 

6- 

=  8 

-14                 85 
-36               100 

9 

0 

5  + 

20 

121 

116 
20-30 0 5  to  8 33  to  38 

46,47,59 

10 

112 
7-14 0 

10 
d -- 22,72 116 

14 (')               118 n 28  to  40 

6-f 

65 

30-45 0 10-15 
6  to  8 

10 .... 109,112 103 =  12- 

-16               100 55 
60-180 6 -14                 85 

10  to  12 

"6 

'5  + 

20 

115,116 
14 

V)               118 C) 28  to  40 

6  + 

65 

8 0 0 

72 

14-21 0 
9  to  10 

0 22 
116 14 

C)                118 
(*) 

28  to  40 

6-t- 

65 
60-180 

6- 

=  8- 

-14                 85 
-36               110 

9 

0 

5-f 

20 

121 
116 

14 (=)                118 n 28  to  40 

6  + 

65 

A.  amabiiis       

A.  balsamea    

A.  concolor       

A.  firma   
A.  fraseri   

A.  grandis  _    

A.  homolepis     .. 
A.  magnifica 

A.  mariesii       
A.  procera       

A.  sachalinensis 

'  At  ambient  air  temperature. 
'  Preliminary  drying  period.  Additional  drying  and  extraction  were  accomplished  in  a  rotary  kiln  at  an  unspeci- 

fied time  and  temperature. 

■''  A  rotary  kiln  was  used,  but  time  was  not  specified.  . 
*  Moisture  content  was  controlled  by  storing  seeds  with  a  desiccant  such  as  Japanese  clay,  potassium  sulfide, 

or  both.  Proportions  by  weight  were  9  parts  of  seed  to  1  part  of  desiccant. 
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Table  5. — Abies:  cone  measures  and  yields  of  cleaned  seed 

ABIES 

Species 

Cone measures Seed  yields 
Weight Count Seed  per Seed  per 

Seeds 
Data 

per 

per 

100  pounds bushel 

per 

source 
bushel bushel of  cones of  cones cone 

Pounds Niunher 
Ounces Ounces Number 

28 

89 

25 

120 

48 
400 

31,,  117 
35 1,000-2,000 37-46 

134 38,  81,  93 
30-35 

51 
17-32 185 

27,30,105 900-1,000 32-48 102,109 
250 24-32 115 

H,  98, 105 42-50 
300 

22 
16-24 

67-89 5 

105 

117 

25-30 

64 

18 

22 

26-32 312 52-65 5 

31-39 
196 

62-75 111 
80 

22-46 500 34,  98,117 

A.  alba     
A.  amabilis   
A.  balsawca   
A.  concolor   
A.  fraseri         
A.  grandis   
A.  homolepis   
A.  lasiocarpa 

var.  lasiocarpa, 
var.  arizonica  _.. 

A.  magnifica 
A.  mariesii 
A.  nordmanniana 
A.  procera 

tion  treatments.  Part  of  this  variability  in 
dormancy  may  be  attributed  to  time  of  collection 
and  to  methods  of  cone  processing,  seed  clean- 

ing, and  seed  storage.  Dormancy  increases  with 
progression  of  seed  ripening  on  the  tree  and 
during  artificial  ripening  of  cones  (23).  In  the 
final  analysis,  the  only  way  to  determine 
whether  or  not  a  lot  is  dormant  is  to  perform 
two  germination  tests,  one  with  stratified  seed 
and  one  without  (24). 

Abies  seed  is  typically  stratified  under  cool, 
moist  conditions  prior  to  germination  testing 
(table  7)  or  nursery  sowing  (table  8).  Strati- 

fication definitely  speeds  germination  for  many, 
and  probably  most,  Abies  seed  lots  (table  7) 
(2 J,,  119).  In  some  cases  {Sit,  103),  total  ger- 

mination is  also  increased.  However,  this  in- 
crease may  be  partially  due  to  more  extensive 

molding  of  the  more  slowly  germinating,  un- 
stratified  seed  and  to  termination  of  tests  before 

Table  6. — Abies:  cleaned  seeds  per  pound' 

Species                                                Range  Average  Samples  Data  source 

Number  Number  Number 

A.  alba                 7,900-18,600  10,200  72+  82,88,117 
A.  amabilis                 7,800-16,500  11,000  66  116 

9,900-20,800  =13,800  8  3i 
A.  balsamea,,,  „    .             30,000-94,500  59,600  42  93, 112 
A.  concolor                 8,600-17,720  11,100  46  22,62 
A.firma                  9,300-14,000  11,400  12+  5,65,88 
A.  fraseri                53,500-78,750  60,800  10  109,112 
A.  grandis                11,900-28,800  18,400  144  115,116 

15,100-28,700  =20,200  12  3i 
A.  homolepis                14,600-22,200  19,800  19  5,  88 
A.  lasiocarpa 

var.  lasiocarpa                23,900-49,300  34,800  19  88,116 
18,800-24,300  =21,600  4  34 

var.  arizonica                 17,600-25,500  22,300  8  88 
A.  magnifica   

var.  magnifica                  4,000-8,900  6,400  36  22,88,116 
var.  shastensis'',                  5,100-11,200  =7,300  36  34,116 

A.  mariesii                   19,100-29,500  23,000  6+  5,88 
A.nordmamiiana                      5,700-8,600  7,100  24+  82,88,111 
A.  procera^                      9,200-19,100  =13,500  36+  34,70 
A.  sachalinensis                      29,500-53,500  44,000  29+  5,65,88 
A.veitchU     ..                       23,000-78,800  45,000  17  7,45,88 

^  Seed  lots  were  of  varying  and  mostly  unknown  soundness  except  as  noted. 
=  Seeds  were  100  percent  sound   (separated  by  x-ray  analysis). 
■'Ranges  among  approximately  250  individual  trees  of  each  species  from  about  25  locations  were  as  follows  (34)' 

A.  magnifica  var.  shastensis :  3,900  to  17,800  seeds  per  pound. 
A.  procera:  6,900  to  28,700  seeds  per  pound. 
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Table  7. — Abies:   stratification  'periods  and  germination  test  results 

Species 
Stratifi- cation 

period ' 

Germina- tion test 

period 
" 

Germinative  energy Germinative  capacity 

Amount       Period       Average        Range         Samples 

Data 

source 

Days 

A.  alba       0 

21 A.  amahilis   .__.            21-28 
0 

A.  balsamea    28 
0 
0 

A.  concolor    21 
0 

A.  firma'-^        14 
A.  fraseri*         .  30 

0 
A.  grandis    14-21 

0 
0 

A.  homolepis    30 
A.  lasiocarpa 

var.  lasiocarpa    .  28 
0 

var.  arizonica  .  0 

28 A.  magnifica 
var.  magnifica     28 

0 
var.  shastensis  28 

0 
A.  mariesii    30 
A.  nordmanniana  0 

0 
"  0  and  28 

A.  procera    14 
0 

A.  sachalinensis          30-60 
A.  veitchii  _      0 

14 14 

Days 

50-60 
28 

21-28 
21-28 

21 
60 
28 

28 
28 

31 35 

28 28 

28 

28 
28 
28 
28 

28 
28 
28 28 
28 

C) 

28 
28 
28 
28 28 

MO 28 

Percent 2-63 

20 15 

18 

25 

26 

48 

32 35 
32 

19 

16 
37 

36 
24 
35 
28 

22 

35 31 

50 

Days 

20-30 
7-14 

14-21 

20 

"l 

14-21 15 
15 
7 

14 

14 
7 

14 

21 
14 

21 
20-30 

14 

21 

Percent 

23 

26 
20 

27 

25 
37 
30 
35 
56 
56 
50 
46 
57 

31 

34 
31 
26 
33 

43 
36 
43 

38 
47 
37 
14 

41 
37 
43 

27 
71 

Percent 
5-80 
3-65 

0-70 

5-46 
4-62 0-86 

0-84 

0-90 
0-93 
4-80 

23-37 7-62 
9-55 

2-50 

27-43 0-74 0-57 
1-81 
1-81 

10-61 
9-18 

1-77 1-73 

30-73 

Number 213 

89 
89 

11 
21 100 

100 
1 
1 
1 

92 
92 

67 

15 

25 
25 
2 
3 

49 

49 
59 
59 
1 

30 
4 

100 
100 
23 
10 
4 

117 

52 

7,52,116 
7,52,116 
7,  Jt5,  52 

U7 

110 
116 
116 
5 
102,112 

102,  112 116 
116 
115 
5 

116 
7,  52,  116 

57 

11 
116 

116 116 

116 
5 

13,88 50 

52 

116 
116 5 

7,  52,  87 

79 

6 

'  Stratification  was  in  a  moist  medium  at  34°  to  41°  F. 
-  Temperatures  during  the  test  period  were  alternated  diurnally  from  86°  F.  for  8  hours  to  68°  F.  for  16  hours 

of  each  24-hour  day  with  exceptions  as  noted.  Light  during  the  warm  period  is  recommended  for  all  species  (52). 
M.  firma:  In  this  test,  seeds  were  germinated  in  darkness,  but  light  may  be  beneficial  as  on  all  other  species. 

^  A.  fraseri:  Germination  was  the  same  at  the  diurnally  alternating  temperature  and  at  72°  F.  continuously 
(102).   Germination   percentages   are  based   on   sound   seeds  only,  not  total  seeds  (112). 

^  A.  yiordmanniana :   Alternating  temperatures  of  83°    and  54°  F.  and  a  constant  68°  F.  were  used. 
''A.  nordmanniana:  Germination  tests  on  both  stratified  and  nonstratified  seeds  were  suggested  (52). 

'A.  veitchii:  Germination  temperature  was  68°  F.  continuously  (79). 

germination  of  all  sound,  and  possibly  viable, 
unstratified  seed  has  been  completed  (23). 

Specific  pregermination  treatment  recom- 
mendations generally  call  for  moist  stratifica- 

tion at  34°  to  41"  F.  for  14  to  28  days  (table  7). 
A  soaking  period  prior  to  stratification  has  been 
suggested  (4).  Longer  stratification  periods 
have  been  proposed  for  some  species  H,  93, 
lis),  although  they  generally  have  shown  little 
advantage  (39,  126).  Seed  may  be  stratified 
spread  out  in  the  same  containers  used  for  ger- 

mination tests.  Prior  to  large-scale  sowing  in 
nursery  beds,  presoaked  seed  may  be  placed  in 
polyethylene  bags  and  refrigerated  for  the 
specified  stratification  period  (Chapter  VI). 

Seed  of  many  Abies  species  will  germinate  in 
cold,  moist  stratification  if  left  for  a  sufficient 
period  of  time.  In  a  careful  study,  noble  fir  seed 

began  germination  after  100  days  at  40°  F.  and 
completed  germination  60  days  later  (23).  In 
nature,    Abies    seeds    often    germinate    under 

in  and  on  melting  snow- 
Germination   is   epigeal 

similar  conditions,  i.e., 
banks  (36,  53,  106). 

(fig.  6). 
Germination  tests. — The  Association  of  Of- 

ficial Seed  Analysts  (7)  and  the  International 
Seed  Testing  Association  (52)  have  inde- 

pendently adopted  standard  test  conditions  for 
most  Abies  species  and  their  procedures  are 
very  similar.   A   paper    (blotter,   filter  paper, 
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Table  8.- 
-Abies: 

nursery  prcu ?hce 

Species 

Cold 
stratifi- cation 

Season 
for Seed- 

lings 

per 

Sow- 

ing 

Mulch Tree 
"  percent 

Out- 

planting 
Data 

source 

period ' 
sowing- square foot depth Type Depth 

age 

Days Number Inches Inches Yea  rs 
A. alba    0 Fall 25-40 

^•% 

Pine  needles 

IVi 

80 
A. amabilis    28 

28 
Spring 
Spring 

25-40 
45-50 

Straw  =   ___ None      
2 32 

70 1-0 3-0,  3-1 
2-0, 3-0 20,25 

25 

A. balsamea   0 Fall 55-80 h3,hh 
^ hva  rfpn  t(i, 0 Fall 

V4, 
2-0 

28 

A. concolor   28 Spring 30-40 
Va-% 

None      

*6 

-13 

2-0 

22 

28-42 Spring 35-40 % Straw  \    . 2 

43 

2-0,  3-0 
20 

40-60 Spring 50 1 Peat  moss Vi-V2 60 
2-0,  3-0 

16 
40 Spring 100 % None 

25 2-2 56 
0 Fall 25-40 

■'% 

Pine  needles 

ly* 

80 
A. firma          .     30-60 Spring 2-2 

65 

A. fraseri       0 Fall 20-25 

1/8 -V4 

Sawdust y* 50 
3-0, 4-0 

109 
A. grandis      .. 0 Spring 30-45 

Vi-% 
Sawdust % 25 

-50 

2-0 55,105 
21-28 Spring 25-50 

1/4-% 

None     .    . 

70 

1-0 
2-0,  3-0 

25 

28-36 Spring 35-40 % 

Straw  ■' 

2 43 2-0 
3-0, 2-1 

20 
28-42 Spring 

30 

1/2 

None 40 
2-0, 2-1 121 0 Fall 25-40 

■'% 

Pine  needles 

11/4 

80 

A. Iiomolepis 30-60 Spring 2-2 

65 

A. lasiocai-pa 
var.  arizonica 0 Fall 

^■u 

Leaf  mold 

25 

-40 

73 
A. Diagnifica 42 Spring 30-40 V4-% 

None 
M 

-39 

2-0 

22 

40 Spring 100 % None 

25 

2-2 

56 

30 Spring 30 

1/2 

None 75 1-0,  2-0 

72 

var.  shasteyisis 28-42 Spring 35-40 % None 

48 

2-0, 3-0 

20 
28-42 Spring 30 

V2 

None 
40 

2-0,  2-1 
121 

40 Spring 100 % None 
25 2-2 56 

0 

Spring  "■ 

20-25 

V2 

None 20 

3-0 

8 
A. nordmanniana 50-70 

Spring- 

50 1 Peat  moss 

14 -y2 

50 

3-0 

16 

0 Fall 46 % None 

18 
111 0 Fall 25-40 

=  % 

Pine  needles m 80 
A. procer-a       .,     28-42 Spring 35-40 % None_ 

50 

2-0 
3-0,  2-1 

20 

28-42 Spring 
30 

1/2 

None 

40 

2-0 3-0,  2-1 
121 21-28 Spring 25-50 

1/4-% 

None 

70 

1-0 
2-0,  3-0 

25 

0 

Spring  ■ 
20-25 

V2 

None 30 3-0 8 
0 Fall 25-40 

^■34 

Pine  needles 

1V4 

SO 
A. saclialinensis 

'■■  30-60 
Spring 2-2 65 

'  Seeds  were  stratified  at  34°  to  41°  F.  in  wet  vermiculate  (20,  22,  25,  56,  72),  or  wet  sand  (16);  or  seeds  were 
soaked  in  water  for  30  hours  and  then  refrigerated  in  plastic  bags  for  the  specified  period  (121). 

-  Seeds  were  covered  with   %   inch  nursery  soil  plus  %   inch  sand. 
■■'  Mulch  was  used  on  one-year-old  seedlings  overwinter. 
'Lower  percentage  was  at  Magalia  Nursery  and  higher  percentage  was  at  Ben  Lomond  Nursery,  California 

Division  of  Forestry. 
"  Seeds  were  soaked  in  water  at  65°  F.  for  2  days  prior  to  sowing. 
"  An  alternate  treatment  is  to  burv  the  seed  in  snow  for  50  days. 

toweling)  or  porous  mineral  (perlite,  vermi- 
culite,  sponge  rok)  substrate  is  usually  used. 

Alternating  temperatures  of  86"  F.  for  8 
hours  during  the  day  and  68°  F.  for  16  hours  of 
each  24-hour  period  are  standard  for  most 
species.  Light  is  prescribed  during  the  8-hour 
warm  period  of  each  day,  but  it  can  be  at  very 
low  intensity.  Tests  usually  concluded  after  21 
or  28  days.  Where  duplicate  tests  are  run  on 
stratified  and  unstratified  samples,  the  latter 
sample  often  is  run  1  to  2  weeks  longer. 

A  number  of  quick  tests  have  been  developed 
for  judging  quality  of  Abies  lots.  The  simplest 
is  a  cutting  test  or  an  X-ray  analysis  to  de- 

termine percent  of  filled  seed.  Hydrogen  perox- 
ide has  been  used,  either  to  speed  a  standard 

germination  test  {99)  or  as  a  key  component  of 
a  special  test  (15).  Tetrazolium  tests  have  also 
been  used,  and  results  often  correlate  with 
seedling  emergence  experienced  in  nursery  sow- 

ings. In  comparison  with  standard  germination 
tests,  quick  tests  generally  overestimate  viabil- 

ity of  Abies  seed  to  some  degree  (24,  95,  107). 

Average  germinative  capacity  of  Abies  seed  is 
typically  low — mostly  between  20  and  50  percent 
(table  7).  Such  low  values  often  reflect  presence 
of  many  unfilled  or  partially  filled  seeds  that 
could  not  be  separated  out  in  cleaning.  Germina- 
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Figure  6. — Abies  balsamea,  balsam  fir:  seedling  devel- 
opment at  2,  5,  and  7  days  after  germination. 

tion  percentages  may  still  be  low  or  may  ap- 
proach 100  percent  when  based  on  filled  seed 

only.  There  is  some  diflficulty  in  deciding  what 
should  even  be  counted  as  a  full  seed  in  cutting 
tests  or  X-ray  analyses.  Abies  seed  lots  often 
include  seed  in  which  endosperm  or  embryo  or 
both  are  shrunken  to  some  degree,  varying  from 
barely  detectable  to  nearly  100  percent.  Seed  of 
this  type  can  be  found  in  freshly  collected  as 
well  as  processed  lots  (34).  Various  molds  may 
destroy  significant  numbers  of  filled  seeds 
during  germination  tests.  The  low  quality  of 
Abies  seed  is  reflected  in  recommended  proc- 

essing standards  of  20  to  35  percent  viability  for 
commercial  lots  of  western  North  American 
species  (122). 

Nursery  practice. — In  general,  a  given  nurs- 
ery has  a  standard  set  of  practices  which  it 

applies  to  all  Abies  raised  there;  variation  in 
nursery  practice  probably  reflects  differences  in 
local  conditions  and  traditions  as  much  as  differ- 

ences in  species  requirements  (table  8).  Spring 
sowing  of  stratified  seed  seems  to  be  standard 
for  most  western  North  American  and  Japanese 
Abies  raised  within  native  regions.  A.  alba,  A. 
balsamea,  and  A.  fraseri  are  normally  fall-sown 
without  stratification.  Some  European  nurseries 
also  sow  introduced  species  such  as  A.  procera 
and  A.  concolor  (80)  in  the  fall.  Mulches  are 
used  by  some  nurseries;  two  use  sawdust,  and 

one  protects  seedlings  with  straw  during  the 
first  winter  after  germination  (table  8).  Abies 
seedlings  have  slow  initial  growth,  and  stock  is 
usually  outplanted  as  2-  to  3-year-old  seedlings 
or  3-  to  4-year-old  transplants. 
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Leguminosae — Legume  family 

ACACIA  Mill.  Acacia 

by  Craig  D.  Wliitesell  i 

Growth    habit,    occurrence,    and    use. — The 
acacias  include  more  than  500  species  of  decidu- 

ous, or  sometimes  evergreen,  trees  and  shrubs 
widely  distributed  in  the  tropics  and  warmer 
temperate  areas.  Nearly  300  species  are  found  in 
Australia ;  about  70  in  the  United  States.  Some 
75  species  are  of  known  economic  value,  and 
about  50  of  these  are  generally  cultivated. 
Certain  species  of  acacias  ranks  among  the 
most  beautiful  of  all  flowering  trees,  and  many 
have  been  planted  in  the  warmer  regions  of  the 
United  States  (11,  12,  H).  Acacias  are  valuable 
for  many  purposes :  collectively  they  yield  lum- 

ber, face  veneer,  furniture  wood,  fuelwood,  tan- 
nin; and  such  products  as  gum  arable,  resins, 

medicine,  fibers,  perfumes,  and  dyes;  some  are 
useful  for  reclamation  of  sand  dunes,  shelter- 
belts,  forage,  and  as  a  host  for  the  valuable  lac 
insect. 

Acacia  dectirrens,  introduced  to  Hawaii  about 
1890,  has  been  declared  noxious  for  State  land 
leases  (5).  A  fast-growing  tree  of  no  local  value, 
it  spreads  rapidly  by  seed  and  root  sucker, 
crowding  out  other  plants.  More  than  60  years 
ago,  Maiden  {10)  commented  on  the  pestiferous 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

nature  of  several  varieties  of  this  species  in 
Australia.  Acacias  other  than  those  that  spread 
by  suckering  should  be  selected  for  planting. 
Also  to  be  avoided  are  the  thorny  acacias,  such 
as  A.  farnesiana  (L.)  Willd. 

Reliable  seed  data  are  available  on  the  four 
species  listed  in  table  1. 

Flowering  and  fruiting. — Acacia  flowers  are 
perfect  or  polygamous,  many  of  them  yellow, 
some  white,  and  they  usually  appear  in  the 
spring  or  summer.  The  fruit  is  a  two-valved  or 
indehiscent  legume  or  pod  which  opens  in  the 
late  summer.  One  or  more  kidney-shaped  seeds 
(fig.  1)  occur  per  fruit,  and  are  usually  released 
by  the  splitting  of  the  pod.  They  contain  no 
endosperm  (fig.  2).  Acacia  will  begin  to  bear 
seeds  between  2  to  4  years  of  age  {2,  20).  There 
are  good  seed  crops  nearly  every  year.  Seeding 
habits  of  four  acacias  are  listed  in  table  2. 

Collection,  extraction,  and  storage. — Ripe  aca- 
cia pods  are  brown  and  can  be  picked  from  the 

trees,  or  fallen  pods  and  seeds  can  be  picked  up 
underneath  the  trees.  Collections  from  the 
ground  may  include  pods  more  than  a  year  old. 
Seeds  can  be  extracted  by  trampling,  or  placing 
the  pods  in  a  cloth  bag  and  flailing  it  against  the 
floor.  A  blower  will  remove  pod  fragments  and 
debris.  The  number  of  seeds  per  pound  for  four 

Table  1. — Acacia:  nomenclature,  occurrence,  height,  and  use 

Scientific  names  and 
synonyms 

Common  names 
Occurrence Height 

at  ma- 

turity 

Uses' 

Year  of 

first  cul- tivation Native U.S.A. 

Feet 
A decurrens  (Wendl.) 

Willd. 
A.  decurrens  var. 

normalis  Benth. 

green-wattle  acacia, 
black  wattle, 
Sidney  black 
wattle. 

Australia California, 
Hawaii. 

25-60 

E, 

S.  T,  H 1850  in  Cali- fornia. 

A mearnsii  Dewild. 
A.  decurrens  var.  mollis 

Lindl.,  A.  inollisshna 
Willd. 

black-wattle  acacia, 
green  wattle, 
black  wattle. 

Australia California, 

Hawaii. 
50 T Before  1840. 

A tnelanoxylon  R.  Br.     blackwood  acacia, 
Australian  black- 
wood,  Tasmanian 
blackwood,  black 
acacia,  Sally 
wattle. 

Australia California, 
Hawaii. 

80-120 

T, 

S,  E 

A koa  Gray       
Koa Hawaii Hawaii    80-110 

T, 

H 1913. 

T :  timber  production,  H :  habitat  or  food  for  wildlife,  S :  shelterbelt,  E :  environmental  forestry. 
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I 
A.  melanoxylon 
blackwood  acacia 

i 

5mm 

A.  decurrens 

green-wattte  acacia 

A.  koa 
koa 

••0 

Figure    2. — Acacia    Tnelanoxylon,    blackwood     acacia: 
longitudinal  section  through  a  seed,  10   X. 

Figure  1. —  Acacia:  seeds,  4  x. 

Table  2. — Acacia:  phenology  of  flowering,  fruit  ripening,  and  seed  dispersal 

Species Location Flowering  dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

L  decurrens       California     Feb.-March 
I.  mearnsii     do      June  and  later 
L.  melanoxylon      .„         dO-               Feb. -June 

Hawaii     May-June 
i.  koa    do       Jan. -July 

____      _     „._             22 
June-Oct    June-Oct.  ^-^-22 
Julv-Nov.              Julv-Dec.  or  later       13,22 

----■   -   -    ■    2i 
June-July         Feb.             16 

June-Nov.  .   21 

ipecies  is  in  table  3.  Seed  of  A.  melanoxylon 
collected  and  cleaned  in  Uraguay  had  a  purity 
>f  93  percent  {17). 
Acacia  seeds  are  among  the  most  durable  of 

'orest  seeds  and  need  not  be  kept  in  sealed ;ontainers.  Kept  in  a  cool  dry  place,  they  will 
rerminate  after  many  years  of  storage.  Acacia 
lecurrens  seed,  after  soaking  2  hours  in  acid, 
germinated  63  percent  after  17  years  in  open 
;torage  (2).  Seed  of  A.  melaiioxylon,  which  was 
irst  air-dried  to  a  constant  weight,  and  then 
itored  in  sealed  containers,  retained  its  viability 
m impaired  for  at  least  3  months ;  seed  stored  in 
he  open  still  retained  12  percent  viability  after 

51  years  {22).  Acacia  koa  seed,  when  lying  on 
the  ground,  is  known  to  have  retained  its  ability 
to  germinate  for  as  long  as  25  years  (7). 

Pregermination  treatments. — The  seeds  of 
most  species  have  hard  coats  which  cause  poor 
germination  unless  they  are  first  scarified,  or 
briefly  treated  with  sulfuric  acid,  or  soaked  in 
hot  water.  The  water  treatment  is  the  most 
practical.  The  seeds  are  placed  in  boiling  water, 
the  source  of  heat  removed,  and  the  seeds 
allowed  to  soak  for  24  hours.  Some  species  also 

appear  to  require  2  to  4  months  "after  ripening" in  dry  storage  before  good  germination  may  be 
obtained  {22).  Germination  is  epigeal. 

Table  3. — Acacia:  pod  size  and  cleaned  seeds  per  pound 

Species 

Pod  size Cleaned  seeds  per  pound 

Length  Width Data 
source 

Range 
Average        Samples 

Inches 

.  decurrens           4 
,  mearnsii     „.,  2-3 

Inches 
10 10 

Number 

24,000—40,000 

Number        Number 

Data 

source 

33,550 

9 

8,  9,  15 .  melano 
.  koa     . 

xylon   .--       1.5-5.0 
3-6 

0.4 
0.6-1.0 1,19 

16 20,000—40,000 
2,400—  7,400 

31,200 4 
2 3,  h,  9,15,22 23 
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Table  4. — Acacia:  pre  germination  treatments,  germination  test  conditions  and  results 
Germination  test  conditions 

Species 
Seed 

source Pretreat- ment Medium 
Temperature 

Light  Dark 

Dura- 

tion 

Germinative 

energy 

Germinative 
capacity  Data 

source Amount      Period     Average    Samples 

A.  decurrens   
A.  mearnsii   
A.  melanoxylon Tasmania     hot  water 

  do   do   
Victoria   do   

Uruguay  -    None   
do    H=SO,   

  -do    abrasion  . 

A.  koa    Hawaii         hot  water. 

^  Paper  over  vermiculate. 

soil 
P.O.V. 
.....do- 
...do. 

soil 
do. 

°F. 

Days      Per-      Days      Per-      Num- 
cent  cent        ber 

74 

4  + 

22 

60 60 

14 

72 

14+ 

22 

77 77 60 

45 

10 70 3 20 
77 

77 

30 67 7 74 2 20 
77 77 90 66 14 93 3 20 

30 4 4 

17 

68 

68 

21 48 4 

17 

68 68 28 

26 

4 

17 

15 

50 

10 

52 

5  + 

22 
.... 30 18 

15 

18 1 6 

Germination  tests  of  acacia  seeds  have  been 
made  in  flats  with  sand  or  soil,  and  in  standard 
germinators.  Results  of  tests  for  four  species 
of  acacias  are  given  in  table  4. 

Nursery  and  field  practice. — Properly  pre- 
treated  acacia  seeds  should  be  covered  with  one- 
quarter  to  one-half  inch  of  soil.  Sowing  time  is 
in  spring  for  the  warm  temperate  zone  of  the 
United  States  mainland ;  and  the  year-around 
in  Hawaii,  except  during  dry  periods.  Acacia 
melanoxylon  is  preferably  outplanted  from  small 
(i/o  inch)  stumps  lifted  from  a  seedbed  1  year 
after  planting  (15),  or  as  transplanted  seedling 
8-10  inches  high  {18).  The  best  survival  for  A. 
koa  planted  in  Hawaii  is  obtained  with  potted 
seedlings. 

Literature  and  Other  Data 
Sources  Cited 
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35(10):  651-655. 

(3)  Fullaway,  D.  T. 
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(4)  Goor,  A.  Y.,  and  Barney,  C.  W. 
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Ronald  Press  Co.,  New  York. 
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(8)  Letourneux,  C. 
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Aceraceae — Maple  family 

ACER 

ACER  L.  Maple 

by  David  F.  Olson,  Jr.,i  and  W.  J.  Gabriel  - 

Growth  habit,  occurrence,  and  use. — Maples 
are  deciduous  (rarely  evergreen)  trees  com- 

prising approximately  148  species  in  North 
America,  Asia,  Europe,  and  northern  Africa 
(15).  Some  species  of  maple  are  sources  of 
valuable  lumber  and  veneer,  and  one  (A.  sac- 
charum)  is  used  for  the  production  of  maple 
sugar  and  maple  syrup  (table  1).  Many  of  the 
maples  have  ornamental  value  because  of  their 
handsome  foliage  or  their  interesting  crown 
shape,  their  flowers,  or  their  fruit.  Conse- 

quently, they  are  widely  used  for  landscape 
planting.  Several  maples  provide  food  and 
shelter  for  wildlife,  and  their  occurrence  on 
mountain  slopes  makes  them  useful  in  the  pro- 

tection of  watersheds.  The  15  maples  considered 
here  include  5  that  are  native  to  Europe  and 
Asia,  and  have  been  used  successfully  in  the 
United  States  in  ornamental  plantings.  Maples 
jare  only  rarely  used  in  reforestation  plantings 
ifor  the  production  of  timber,  but  sugar  maple 
(A.  saccharum)  has  been  planted  for  the  pro- 

duction of  syrup  and  sugar  (sugarbush). 

I  Flowering  and  fruiting. — The  maples  are 
either  monoecious,  dioecious,  or  polygamodioe- 
jcious  with  regular,  perfect  or  imperfect  flowers 
that  appear  with  or  before  the  leaves  (table  2) 
\{15,  20,  2U,  25,  39).  The  fruit  is  composed  of  two 
fused  samaras,  which  eventually  separate  on 
shedding,  leaving  a  small,  persistent  pedicel  on 
the  tree  {60).  The  fruits  of  the  maples  vary 
widely  in  shape,  length  of  wings,  and  angle  of 
divergence  of  the  fused  samaras  (fig.  1).  The 
listed  references  concerning  flowering,  and 
those  in  table  2,  provide  details.  Each  filled 
samara  typically  contains  a  single  seed  without 
endosperm  (fig.  2).  The  fruits  of  most  maples 
ripen  in  the  autumn,  but  two  important  species 
n  the  eastern  United  States  (A.  rubrum  and 
4.  saccharinum)  ripen  fruits  in  the  spring 
)ef ore  leaf  development  is  complete.  Maple  seeds 
turn  from  green  or  rose  to  yellowish  or  reddish 
jrown  when  ripe  (1,  2,  13,  21,  39,  If3).  Seed 
iiispersal  is  usually  by  wind,  sometimes  by 
jvater. 

'  Southeastern  Forest  Exp.  Stn. 
■  Northeastern  Forest  Exp.  Stn. 

Collection  of  fruits. — Most  maples  produce 
seed  at  an  early  age,  and  bear  almost  annually 
(table  3).  Maple  seed  may  be  picked  from  stand- 

ing trees  or  collected  by  shaking  or  whipping 
the  trees  and  collecting  the  samaras  on  sheets 
of  canvas  or  plastic  spread  on  the  ground. 
Samaras  may  also  be  collected  from  trees 
recently  felled  in  logging  operations.  Samaras 
from  species  like  A.  negundo,  A.  rubruni,  and 
A.  saccharinnm  can  be  gathered  from  lawns, 
pavements,  or  from  the  surface  of  water  in  pools 
or  .streams  (60).  After  collection,  leaves  and 
other  debris  can  be  removed  by  hand,  screening, 
or  fanning.  Weights  of  a  bushel  of  samaras  for 
three  species  are — 

Pounds  Data  source 
A.  circinatum         11.9  36 
A.  macrophyllum           4.6  50 
A.  saccharum     _          10.2  57,65 

Extraction  and  storage  of  seeds. — Maple  seeds 
are  generally  not  extracted  from  the  fruits 
(samaras).  Dewinging  reduces  weight  and  bulk 
for  storage,  but  this  treatment  is  not  extensively 
used.  The  separation  of  filled  and  empty 
samaras  for  one  important  species  (A.  sac- 
cha)'um)  was  done  successfully  by  floating  the 
samaras  in  n-pentane  (7).  Removal  of  empty 
samaras  improves  seed  handling,  storage,  sow- 

ing, and  control  of  seedbed  density.  The  number 
of  .seeds  per  pound  varies  considerably  among 
the  species  (table  4).  Freshly  collected  samaras 
have  a  moLsture  content  of  from  30  to  160  per- 

cent of  dry  weight  (7,  6^).  A  period  of  air- 
drying  is  necessary  before  seeds  are  stored. 
Moisture  content  of  about  10  to  15  percent  is 
recommended  before  storage,  except  for  A.  sac- 
chari)ium,  which  shows  a  complete  loss  of  vi- 

ability if  the  moisture  content  drops  below  30 
percent  (60).  Stored  seeds  of  A.  pseudoplatamis 
lose  their  viability  if  the  moisture  content  is 
less  than  15  percent  (23).  Seeds  of  A.  macro- 
phiiUum  cannot  be  stored  at  room  temperature 
or  low  temperature,  even  for  a  short  period  of 
time.  Seeds  of  most  other  species  of  maple  can 
be  stored  for  1  or  2  years  in  sealed  containers 

at  35  to  41  '  F.  (31,  60)  without  appreciable 
loss  of  viability.  Seeds  of  A.  saccharum  have 
been  kept  for  54  months  at  17-percent  moisture 
content  and  a  storage  temperature  of  —10°  C, 
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A.  platanoides 
Norway  maple 

A.  c ire ina turn 
vine  maple 

A.  nigrum 
black  maple 

A.  saccharum  ^    grandidentatum 
sugar  maple  bigtooth  maple 

A.  spicatum mountain  maple 

A.  saccharinum 

silver  maple 
A.  macropiiyiium 
bigleaf  maple 

A.  negundo 
boxelder 

A.  g  la  brum 
Rocky  Mountain  maple 

A.  rubrum 
red  maple 

A.  pensylvanicum 
striped  maple 

A.   tataricum 
Tatarian  maple 

Figure  1. — Acer:  samaras,  1  X. 
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Table  1. — Acer:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses  ̂ 

Data  com- 
pilers for the  species 

campestre  L        hedge  maple,  common 
maple,  field  maple. 

circinatuni  Pursh    vine  maple,  mountain 
maple. 

.  ginnala  Maxim   
A.  tataricum  var.  givnala 

Maxim, 
glabrutn  Torr.  var. 
glabruni. 

.  grandidentatuni  Nutt. 
var.  grandidentatum. 

A.  harbatum  Michx.  var. 
grandidentatum  (Nutt.) 
Sarg. 

Amur  maple,  Siberian 
maple. 

Rocky  Mountain 
maple,  dwarf  maple, 
mountain  maple. 

bigtooth  maple,  sugar 
maple. 

,  macrophylliun  Pursh    bigleaf  maple,  broad- 
leaf  maple,  Oregon 
maple. 

negundo  L.      boxelder,  ashleaf 
Negundo  aceroides  maple,  California 
Moench.  boxelder. 

A.  fraxinifolhan  Nutt. 
pensylvanicum  L        striped  maple,  moose- 
A.  striatum  DuRoi.  wood. 

plaianoides  L.      Norway  maple     

pseudoplaianus  L     __    planetree  maple, 
sycamore  maple. 

rubrum  L.  var.  rubrum      red  maple,  soft  maple, 
A.  caroUnianum  Walt.  swamp  maple. 

saccharinutn  L.       
A.  sacchatum  Mill. 
A.  dasycarpum  Ehrh. 

silver  maple,  river 
maple,  soft  maple. 

saccharum  Marsh.  sugar  maple,  rock 
A.  saccharimim  Wangenh.  maple,  hard  maple. 

not  L. 
A.  saccharophorum 

K.  Koch. 
spicatum  Lam.        mountain  maple   

tataricum  L    Tatarian  maple 

Europe  and  western  Asia.  W,  S,  E 
Introduced  to  northern  and 
central  Great  Plains  (39). 

Southwest  British  Columbia       H,  W,  E 
to  northern  California 
east  side  of  Cascades  west- 

ward to  the  coast  (20). 
China  and  Japan,  introduced      W,  S,  E 

to  northern  and  central 
Great  Plains  (S9). 

Southwestern  Alaska,  south        H,  W,  E 
to  southern  California,  east 
to  southern  New  Mexico, 
north  to  Black  Hills, 
S.  D.  (20). 

Southeastern  Idaho,  south  to      H,  W,  E 
southeastern  Arizona,  east 
to  southern  New  Mexico 
and  northern  Mexico, 
north  to  western  Wy- oming (i2). 

Pacific  coast  region  from  T,  W,  E 
western  British  Columbia 
southward  to  southern 
California  (24,30,41). 

Throughout  most  of  United        T,  S,  E 
States  and  Prairie  Prov- 

inces of  Canada  (30). 

Nova  Scotia,  west  to  Michi-        H,  E 
gan,  south  to  Ohio,  east 
to  southern  New  England, 
mountains  of  northern 
Georgia  (30). 

Europe  and  the  Caucasus. 
Introduced  to  central  and 
eastern  United  States  (39). 

Europe  and  western  Asia. 
Introduced  to  central  and 
eastern  United  States  (39). 

Throughout  eastern  United 
States  and  southern  Can- 

ada from  southeastern 
Manitoba  and  eastern 
Texas  to  the  Atlantic  (30). 

New  Brunswick,  south  to  T,  S,  E     . . 
northeastern  Florida, 
northwestward  to  eastern 
Oklahoma,  north  to  central 
Minnesota  (30). 

New  Brunswick,  south  to  T.  H,  W,  E 
central  Georgia,  west  to 
eastern  Texas,  north  to 
southeastern  Manitoba 

(30). Newfoundland,  south  to  New     H,  E—  ... 
Jersey,  west  to  Iowa,  north 
to  Saskatchewan,  south  in 
Appalachian  Mountains  to 
northern  Georgia  (30). 

Southeastern  Europe  and  E           
western  Asia.  Introduced 
to  central  and  eastern 
United  States  (39). 

F.  Ronco. 

W.  I.  Stein. 

F.  Ronco. 

W.  C.  Schmidt. 

Do. 

W.  I.  Stein. 

W.  J.  Gabriel. 

Do. 

E          .    
Do. 

E           
Do. 

T,  H,  W,  E 

Do. 

Do. 

Do. 

Do. 

Do. 

T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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Table  2. — Ace?-;  phenology  of  flowering  and  fruiting 

Species Flowering  dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

A.  caynpestre    Apr.-June    Aug.-Oct    Oct.-Feb.  - 
A.  circinatum        Mar  .-June    Sept.-Oct    Oct.-Nov.... 
A.  ginnala        Apr.-June    Aug.-Sept    Sept.-Jan.. 
A.  glabrum       do        Aug.-Oct    Sept.-Feb.. 
A.  grandidentatum    Apr.-May    Aug.-Sept      Sept.-Dec- 
A.  macrophyllum   do    Sept.-Oct    Oct.-Jan.... 
A.  negundo    Mar.-May     ...-.  Aug.-Oct    Sept.-Mar. 
A.  pensylvanicum        May-June        Sept.-Oct    Oct.-Nov.  .. 
A.  platanoides       Apr.-June   do       do   
A.  pseudoplatanus   do    Aug.-Oct    Sept.-Nov. 
A.  riihrum          Mar.-May    Apr.-June.-      Apr.-July.. 
A.  saccharinum        Feb. -May..        do      Apr.-June 
A.  saccharmn..        Mar.-May    Sept.-Oct.    Oct.-Dec... 
A.  spicatum    May-June        do,       ...do   
A.tataricum               .  do           Aug.-Sept    Sept.-Nov. 

2,25 

50,  5U 

21,60 51,58,  60 
9 

41,50 
60 

60 
37,60 
37,60 

53,  60 29,  60 

13,U,60 

37,60 
1,37 

Table  3. — Acer:  height,  seed-hearing  age,  and  seed  crop  frequency 

Species 
Height 

at maturity 

Year  of 
first 

cultivation 

Minimum 
seed-bearing 

age 

Interval 
between  large 

seed  crops 
Data  source 

Feet 

A.  cmnpestre    65 
A.  circinatum        20 
A.  ginnala      20 
A.  glabrum    30 
A.  grandidentatunn    30 
A.  macrophyllum      100 
A.  negundo      75 
A.  pensylvanicum    35 
A.  platanoides    100 
A.  pseudoplatanus    100 
A.  rubriim    90 
A.  saccharinum    90 
A.  saccharum    100 
A.  spicatum    30 
A.  tataricum    ...  35 

Years Years 

10 1 
2,  25,  39 1826 1-2 

20,  39,  50 1860 
5 1 21,39 

1882 .... 1-3 
20,  39,  iS 

1882 

39,43 

1812 

10 

i 15,39,50 1688 
1 15,60 1755 

39,60 

Long 

i 
39,  60,  63 

Long 

1 13,39,  60 1656 4 1 15, 60,  63 1725 11 1 15,29,60 
Long 

30 
3-7 

13,15,60 1750 
39,60 1759 
1,12,37,39 

Table  4. — Acer:  cleaned  seeds  per  pound 

Species 
Range Average 

Samples 
Data  source 

Number 

A.  caynpestre           5,640  —    6,000 
A.  circinatum,....         3,490 —    5,530 
A.  ginnala      10,400  —  20,200 
A.  glabrum       7,820  —  20,300 
A.  grandidentatum      6,100 —    6,700 
A.  macrophyllum       2,700—    4,000 
A.  negundo       8,200  —  20,400 
A.  pensylvanicum          9,700 — -15,600 
A.  platanoides...             1,270  —    4,660 
A.  pseudoplatanus           2,930—    7,200 
A.  rubrum           12,700  —  38,200 
A.  saccharinum              900  — ■    3,200 
A.  saccharum           3,200  —    9,100 
A.  spicatum         -...  15,300  —  27,800 
A.  tataricum      9,460  —  15,130 

Niim  ber Number 

5,820 

2 

2,55 4,620 

5 36,55,59,61,62 
17,000 9 32,  55,  60  . 

13,430 6 19,55,58,59,60 

6,350 
4 

45 

3,250 

9 35,50,55,57,60,61,6. 
13,400 20 J,,  34,  53,  56,  60 
11,100 6 

3,U,60 
2,860 

17 

38,  44,  57,  60 

5,110 

13 

1,3,38,60 22,860 18 
3,38,44,  53,56,57,60 

1,780 

10 
3,44,56,57,60 

7,030 

19 

44,53,56,57,60 
22,130 6 

3,60 11,350 
4 1 
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Figure  2. — Aco-  circinatum,  vine  maple:  longitudinal 
section  of  a  seed  showing  bent  embryo,  7  X .  On  drying, 
the  seed  shrinks  leaving  space  between  the  seedcoat 
and  the  pericarp. 

md  at  10-percent  moisture  content  with 
temperatures  at  7°,  2°,  or  —10°  C.  with  little 
loss  of  viability  (6/^). 
Pregermination  treatments  and  germination 

tests. — For  maximum  germination,  seeds  of 
tnost  maple  species  require  a  warm,  moist 

period  of  stratification  for  a  few  months  prior 
to  a  cold,  prechilling  period  (18,  19,  ̂ 9),  but 
there  is  wide  variation  in  pregermination  treat- 
nients  that  have  been  used  (table  5).  Seed  lots 
bf  maples  vary  considerably  in  the  time  re- 

quired for  after-ripening  (Si).  For  this  reason 
frequent  checks  should  be  made  during  the  cold 
stratification  period  to  determine  whether  ger- 

mination has  started.  The  presence  of  a  few 
germinated  seeds  indicates  that  after-ripening 
is  complete  and  that  the  samples  are  ready  for 
germination  testing.  Stratification  under  snow 
has  been  used  successfully  in  Europe  for  some 
species  of  maples  (27,  47,  and  -iS). 

Low  pericarp  permeability  may  retard  ger- 
mination of  A.  circinatum,  A.  ginnala,  and  neg- 

tindo.  For  these  species,  the  pericarps  should  be 
ruptured  mechanically  before  starting  the  stra- 

tification treatments  (11,  26,  60)  or  excised 
embryos  should  be  used  (16).  Treatment  of 
seeds  of  A.  negundo  with  either  boric  acid  or 
hydrogen  peroxide  has  stimulated  germination 
(26). 

Seeds  of  the  two  spring-fruiting  maples,  A. 
rubrum  and  A.  saccharinum.  require  no  preger- 

mination treatments  (17,29). 

A  variety  of  temperatures  and  moisture-hold- 
ing media  have  been  used  for  testing  germina- 

tion of  maple  seeds  (table  6).  Germination  is 
epigeal  (fig.  3). 

Nursery  practice. — It  is  preferable  to  sow  the 
seeds  of  mo.st  maples  in  the  fall  in  mulched 
beds  (19,  2S,  .',9,  60,  64,  65).  Stratified  seeds  may 
be  sown  in  the  spring,  but  results  are  generally 
less  satisfactory  than  fall  sowing.  Seeds  of  A. 
)ubrum  and  A.  saccharinum.  should  be  sown  in 
late  spring  soon  after  collection,  but  in  some 
cases  germination  is  delayed  until  the  following 
spring  (60).  Similar  delays  in  germination 
occur  in  other  species  of  maple  if  stratification 
is  inadequate  to  break  dormancy.  Maple  seed  is 
usually  sown  14  to  1  inch  deep,  broadcast  or  in 
drills.  Seedbed  densities  from  15  to  144  per 
square  foot  have  been  recommended  (22,  28,  29, 

Table  5. — Acer:  tvarm  and  cold  stratification  treatments  for  internal  dormancy 

Species 
Warm  period Cold  period 

Temperature Duration Temperature      Duration 
Data  source 

4.  campestre     .    .... 
4.  circinatum  ^      

;4.  ginnala'^      4.  glabrum    ._      _ 
4.  grandidcntatum. 
4.  macrophyllum,.. . 
i4.  negimdo  \    
A.  pensylvanicum.... 
|4.  platanoidcs   
4.  pseudoplatanus^^ 
t4.  rubriwi  .^     
4.  saccharinum   
4.  saccharum   
4.  spicatum   

tataricum   

68-86 
68-86 
68-86 
68-86 

Days 

30 
30-60 
30-60 180 

°F. 

36-40 
38 
41 

37-41 
36-40 
34-41 

41 41 

41 34-41 

33-41 

41 34-38 

Days 

90-180 
90-180 

90-150 180 

30 
40-60 

60-90 90-120 
90-120 

40-90 
0 
0 

40-90 
90-120 
90-120 

'  Mechanical  rupture  of  the  pericarp  is  recommended  before  stratification  (11,  26,  60). 

19 

61 

19, 

60 
19 

45 

22, 

60 

60 
60 
46, 

60 

22, 

60 

17, 

60 

17, 

60 

6,60 
60 

1,47,  It8 

191 



ACER 

Table  6. — Ace7\-  germination  test  conditions  and  results  for  stratified  seed 
Germination  test  conditions 

Species Medium Temperature 
Day      Night 

Dura- 
tion 

Germinative 

energy 

Germinative 
capacity 

Data  source 

Amount    Time      Average    Samples 

"F. 

A.  campestre    Sand   
A.  circinatum...      Kimpac   
A.  ginnala        Kimpac   
A.  glabrum    Sand    
A.  grandidentatum    Soil           
A.macrophyllum  Sand   
A.  7iegundo    Sand/peat .  .. 
A.  pensylvanicum  Sand/peat   
A.  platanoides    Sand/humus 
A.  pseudoplatanus^  _  Sand/humus 
A.  rubrum        Blotter   
A.  saccharinum    Blotter   
A.  saccharum    Germ,  paper.. 
A.  spicatum       Sand     .  _ 
A.  tataricum...         Sand/peat   

50-< 

86 
86 
60 
86 

86 

72- 
35-: 

"F. 

68 

68 
50-60 

68 
68 

40-50     40-50 

85     72-85 85  85 

37     35-37 

Days       Percent    Days       Percent    Number 
38 

38 

52-90 

24-60 

7-9 

5-18 

90 

14 

12 
50 

40 

24-37 
75-89 
72-91 

80 
32 
75 

10 

10 
30 

14-67     14-48 

20-97 
2-6 

3-13 

75 
31 
14 

84 
19 
52 

16-30 

32-90 
24-96 

2 
30-81 
50-71 

85-91 
94-97 

95 

34 
75 

2 

12 

4 
2 
2 
4 
6 
3 

15 
16 
23 

7 
90 
5 
1 

2 

61 

5 
19 

9,45 35,  57,  60 

4,3i,38,i0,53 60 

38,Jt7,60 
10,38,  A7,  60 33,34 

34 

65 

60 

8 

Figure  3. — Acer  platanoides,  Norway  maple:   seedling 
development  at  1,  3,  7,  and  19  days  after  germination, 
V2   X. 

49,  52,  60,  65).  Densities  in  the  range  of  15  to 
30  per  square  foot  appear  most  satisfactory  for 
the  production  of  vigorous  seedlings.  In  some 
instances  seedbeds  require  treatment  with  re- 

pellents against  birds  and  mice,  and  treatment 
with  fungicides  to  prevent  damping  off  (22). 
Shade  is  recommended  during  the  period  of 
seedling  establishment  (60).  Sometimes  seed- 

lings of  maples  are  large  enough  to  plant  as  1-0 
stock,  but  frequently  2-0  or  even  2-2  stock  is 
needed  to  insure  satisfactory  results.  In  general, 
the  larger  the  planting  stock,  the  better  the 
survival. 
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Hippocastanaceae— Horsechestnut  family 

AESCULUS  L.  Buckeye,  horsechestnut 

by  Paul  0.  Rudolf  ̂  

Growth    habit,    occurrence,    and    use. — The 
buckeyes,  occurring  in  North  America,  south- 

eastern Europe,  and  eastern  and  southeastern 
Asia,  include  about  25  species  of  deciduous  trees 
or  shrubs  (10).  They  are  cultivated  for  their 
dense  shade  or  ornamental  flowers,  and  the  wood 
of  some  species  is  occasionally  used  for  lumber 
and  paper  pulp.  They  also  provide  wildlife 
habitat.  The  shoots  and  seeds  of  some  buckeyes 
are  poisonous  to  livestock  (1).  Of  the  seven 
species  described  in  t-able  1,  six  are  native  to  the 
United  States,  and  the  remaining  one,  horse- 
chestnut,  was  introduced  into  this  country  from 
southern  Europe. 

'  Formerly  North  Central  Forest  Exp.  Stn. 

None  of  the  seven  species  are  used  much  in 
reforestation,  but  all  are  used  for  environmental 
forestry  planting.  This  is  particularly  true  of 
Aesculus  hippocastaimm,  which  has  been  widely 
planted  as  a  shade  tree  in  Europe  and  also  in  the 
eastern  United  States,  where  it  sometimes 
escapes  from  cultivation  (1).  A.  glabra  and  A. 
octandra  are  sometimes  planted  in  Europe  and 
the  eastern  United  States,  the  former  having 
been  successfully  introduced  into  Minnesota, 
western  Kansas,  and  eastern  Massachusetts.  A. 
culiforuica  is  also  occasionally  planted  in  Europe 
and  to  a  somewhat  greater  extent  in  the  Pacific 
Coast  States.  A  natural  hybrid,  A.  X  hiishii 
Schneid.  (A.  glabra  x  pavia),  called  Arkansas 
buckeye  occurs  in  Mississippi  and  Arkansas  (5). 

Table  1. — Aesculus:  nomenclature,  occurrences,  and  use;  data  compilers 

Scientific  names  and  ^  ^  tt       , 

synonyms  Common  names  Occurrence  Uses ' 

4.  califoriiicn  (Spach.)  Nutt.     California  buckeye  Dry  gravelly  soils,  lower  T,  W,  H,  E 
slopes  of  Coast  Range  and 
Sierra  Nevada  in  Cali- fornia. 

/I.  g/obra  var.  g/fi6ro  Willd.       Ohio  buckeye,  fetid  Moist,  rich  soils  western  T,  H,  E 
A.  ohioensis  D.  C.  buckeye,  American  Pennsylvania  west  to 

horsechestnut.  southeastern  Nebraska, 
south  to  Oklahoma,  then 
east  to  Tennessee. 

4.  glabra  var.  arguta  Te.xas  buckeye.—      On  limestone  and  granite  H,  E 
(Buckl.)  Robins.  soils,  southern  Oklahoma 

A.  arguta  Buckl.  and  eastern  and  central 
A.  glabra  var.  buckleyi  Texas  to  Edwards  Plateau. 

Sarg. 
A.  buckleyi  (Sarg.)  Bush. 

4.  hippocastanuin  L,         horsechestnut,  chest-         Native  of  Balkan  Peninsula       T,  H,  E 
nut,  bongay.  of  Europe;  planted  exten- 

sively in  United  States. 
4.  octandra  Marsh...      yellow  buckeye,  sweet       Moist,  rich  soils,  southwest-        T,  H,  E 

A.  flava  Ait.  buckeye,  big  buckeve.         ern  Pennsylvania,  west  to 

-4.  /Mien  Wangenh.  "  southern  Illinois,  south  to northern  Georgia,  and 
north  to  West  Virginia. 

4.  pavia  L    red  buckeye,  scarlet  Moist,  rich  soils,  Virginia  to       H,  E 
buckeye,  woolly  Missouri  and  south  to 
buckeye,  firecracker  Texas  and  Florida, 

plant. 4.  sylvatica  Bartr.         painted  buckeye,  Coastal  Plain  and  outer  Pied-     H,  E   
A.  neglecta  Lindl.  dwarf  buckeye,  mont,  from  southeastern 
A.  georgiava  Sarg.  Georgia  buckeye.  Virginia  to  Georgia,  Ala- 
A.  yieglecta  var.  georgiana  bama  and  northwestern 

(Sarg.)  Sarg.  Florida. 

'  T:  timber  production,  H.  habitat  or  food  for  wildlife,  W;  watershed,  E:  environmental  forestry 

Data  com- 
pilers for the  species 

Stanley  L. 
Krugman. 

Robert  D. 
Williams. 

Paul  0.  Rudolf. 

Do. 

Robert  D. 
Williams. 

R.  R.  Reynolds. 

R.  L.  Barnes. 
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A.  glabra  var.  glabra 
Ohio  buckeye 

-^,.  A.  pavia 
-'  red  buckeye 

A.  hippocastanum 
horsechestnut 

A.  sylvatica 
painted  buckeye 

A.  octandra 
yellow  buckeye 

'■A*i 

Figure  1. — Aesculus:  capsules  and  seeds,  1  X. 
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Lt  least  five  other  hybrids  are  known  in  cul- 
ivation  (5). 
Flowering  and  fruiting. — The  flowers  of  Aes- 

ulns  are  irregular,  white,  red,  or  pale  yellow  in 
olor,  and  are  borne  in  showy  clusters  that 
,ppear  after  the  leaves.  Only  those  flowers  near 
he  base  of  the  branches  of  the  cluster  are  per- 
ect  and  fertile;  the  others  are  staminate 
1,  10). 
The  fruit  is  a  somewhat  spiny  or  smooth, 

sathery,  round  or  pear-shaped  capsule  with 
hree  cells  (fig.  1),  each  of  which  may  bear  a 
ingle  seed.  Sometimes  only  one  cell  develops, 
he  remnants  of  the  abortive  cells  and  seeds 
leing  plainly  visible  at  maturity.  When  only 
me  cell  develops,  the  large  seed  is  round  to  flat 
n  shape.  The  ripe  seeds  (fig.  1)  are  dark  choco- 
ate  to  chestnut  brown  in  color,  smooth  and 
hining,  and  have  a  large,  light-colored  hilum 
esembling  the  pupil  of  an  eye.  They  contain  no 
ndosperm,  the  cotyledons  being  very  thick  and 

fleshy  (fig.  2) .  When  ripe  in  the  fall,  the  capsules 
split  and  release  the  seeds.  The  times  of  flower- 

ing and  fruiting  for  seven  species  of  Aesculus 
are  given  in  table  2.  Other  fruiting  charac- 

teristics are  listed  in  table  3. 
Collection  of  fruits;  extraction  and  storage  of 

seeds. — The  fruits  may  be  collected  by  picking 
or  shaking  them  from  the  trees  as  soon  as  the 
capsules  turn  yellowish  and  begin  to  split  open, 
or  by  gathering  them  from  the  ground  soon 
after  they  have  fallen.  The  fruits  should  be  dried 
for  a  short  time  at  room  temperature  to  free  the 
seeds  from  any  parts  of  the  capsules  that  may 
still  adhere  to  them,  but  great  care  must  be 
taken  not  to  dry  them  too  long.  When  this 
occurs,  the  seed  coats  become  dull  and  wrinkled 
and  seeds  lose  their  viability.  Fresh  A.  hippo- 
castfunnn  seeds  had  a  moisture  content  of  49 
percent,  while  those  slightly  dried  had  38-per- 

cent moisture,  based  on  fresh  weight  (^4). 
Fresh  seed  of  A.  pavia  had  a  moisture  content 

Table  2. — Aescidus:  phenology  of  flowering  and  fmiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 

Data 

source 

L.  califomica 
I.  glabra 
var.  glabra. 

Southern  California     April  to  Sept. 

         -_  March  to  May 

var.  arguta   

[.  hippocastanmn 

I.  octandra 
I.  pavia   

1.  sylvatica. 

Texas   
Minnesota          

Europe  and  north- 
eastern United 

States. 

South  part  of  range 
North  part  of  range 

Minnesota 

March  to  April 

May 

Late  April  to 
early  June. 

April  to  June 
March  to  April 
May  to  June 
April  to  May 

May 

Sept.  to  Oct. 

Sept.  to  mid-Oct. 

May  to  June 
Sept.  to  Oct. 
Mid-Sept,  to 

early  Oct. 

Sept. 

Sept.  to  Oct. 
Sept.  to  Oct. 
July  to  Aug. 

Sept.  to  Oct. 

Nov.  and  Dec. 

Early  Sept.  to 
late  Oct. 

Sept.  to  Oct. 
Mid-Sept,  to 

mid-Oct. 

Sept. 

Sept.  to  Nov. 
Sept.  to  Nov. July  to  Aug. 

Sept.  to  Oct. 

18,20 18 

16,22 
11 

6,  8,10,13,  2k 

3,  5,  12,  21 

9,12 
11 

Pable  3. — Aescidus:  height,  year  of  first  cultivation,  flower  color,  seed-hearing  age,  seed  crop 
frequency,  and  frnit  ripeness  criteria 

Species 
Height 

at  ma- turity 

Year 

of first 

culti- vation 

Flower 
color 

Seed-bearing 
age 

Mini-      Data 
mum     source 

Interval  be- tween large 
seed  crops 

  y.   .         Preripe 
Time       _.  _?„        color 

Fruit  ripeness  criteria 

Ripe 

color 
Data 
source 

Feet 

{.  californica  15  to  40  1855 
I.  glabra 
var.  glabra     30  to  70  1809 

var.  arguta     _._      6  to  35  1909 

I.  hippocas-  25  to  80  1576 
tanuni. 

[.octandra         .25  to  90  1764 
[.pavia       8  to  28  1711 
L.  sylvatica    25  to  65  1826 

White  to  rose 

Pale  green- 
ish yellow. 

Light  yellow- 
ish green. 

White,  tinged 
with  red. 

Yellow 
Bright  red    .. 
Pale  yellow, 

red  veins  to- 
wards base. 

Years 

5         20 

11 

11,20 

11 

Years 
1-2 1-f 

1-2 

H- 

20               Pale  brown     10,12 

Green    Yellowish        10 

8        Yellow  Yellowish        10, 11 

10 
green. 

Green Yellowish 
brown. 

Yellowish     Yellowish        10 
   Light  brown  10,12 
Yellow         Yellowish        10, 11 

green.  tan. 
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31mm. 

hypocotyl   

radicle 

0 

Figure  2. — Aesculus  glabra  var.  glabra,  Ohio  buckeye: 
longitudinal  section  through  a  seed,  1.5   X. 

of  56  percent  on  a  fresh-weight  basis  (2).  The 
seeds  should  be  sown  at  once  or  stratified 
promptly  for  spring  sowing. 

Initial  viability  of  fresh  seeds  of  A.  hippo- 
castanmn  was  maintained  for  6  months  when 

they  were  stored  in  polyethylene  bags  at  34°  F. 
This  storage  condition  is  the  same  as  cold  moist 
stratification  because  of  the  high  moisture  con- 

tent of  fresh  seed  (IJ^).  When  seeds  were  stored 

at  30°  F.  in  sealed  packages  without  added  mois- 
ture for  13  months,  germination  dropped  from 

85  to  60  percent;  after  15  months,  however, 
germination  was  only  25  percent  {23).  Data  on 
number  of  cleaned  seed  per  pound  are  given  for 

seven  species  in  table  4.  Purity  and  soundness 
usually  are  close  to  100  percent  {18). 

Pregermination  treatments. — Seeds  of  A. 
glabra,  A.  octandra,  A.  hippocastanum,  and  A. 
sylvatica  require  stratification  or  prechilling  to 
induce  prompt  germination  {11,  17).  Stratifica- 

tion has  been  done  in  moist  sand  or  sand-peat 
mixtures  at  41°  F.  for  about  120  days,  and  by 
storage  in  sealed  containers  at  34°  F.  for  100 
days  or  longer  (7,  IJt,  18).  In  contrast,  fresh 
seeds  of  A.  calif ornica  and  A.  pavia  germinated 
satisfactorily  without  pretreatment  {2,  15,  20). 

Germination  tests. — Stratified  buckeye  seeds 
have  been  germinated  in  sand  or  on  wet  paper 

at  diurnally  alternating  temperatures  of  86° 
and  68°  F.  Results  are  summarized  in  table  5. 
A  recommendation  for  germinating  seeds  of  A. 
hippocastanuyn  without  stratification  is  to  soak 
them  in  water  for  48  hours,  and  cut  off  one-third 
of  the  seed  at  the  scar  end  without  removing 
the  seed  coat.  The  portion  with  the  scar  should 
then  be  sown  in  sand  flats.  The  test  should  be 

run  for  21  days  at  86°  F.  (day)  and  68°  F. (night)  (4). 

Nursery  practice. — Under  natural  conditions, 
seeds  of  most  Aesculus  species  germinate  in  the 
early  spring;  in  A.  calif  ornica,  however,  ger- 

mination takes  place  just  after  winter  rains 
have  begun,  usually  in  November.  In  the  nursery 
Aesculus  seed  usually  is  sown  in  the  fall  as 
soon  after  collection  as  possible  to  prevent  dry- 

ing. If  desired,  however,  the  seeds  of  species 
having  internal  dormancy  can  be  stratified  or 
placed  in  moist  cold  storage  promptly  and  then 
sown  in  the  spring  {IJ^,  18).  The  seeds  should 
be  sown  about  2  inches  apart  in  rows  6  inches 
apart  {8),  and  covered  with  1  to  2  inches  of  soil. 

Table  4. — Aesculus:  cleaned  seeds  per  pound 

Species Place  of  collection 
Cleaned  seeds  per  pound  ̂  

Range 
Average        Samples 

Data 

source 

A.  calif  ornica. 

A.  glabra 
var  glabra   _ 
var.  arguta   

A.  hippocastanum. 
A.  ocfandra   

El  Dorado  and  Contra 
Costa  Cos.,  Calif. 

A.  pavia   
A.  sylvatica 

Carver  Co.,  Minn     
Western  Europe          
Kentucky  and  North 

Carolina. 
Oktibbeha  Co.,  Miss.      
Green  Co.,  Ga.,  and  Carver 

Co:,  Minn. 

Number 8-16 

48-67 

32-47 

23-34 
27-30 

31-57 

Number 12 

58 
40 
29 
28 

Number 

7 

2 
5 

10- 

2 53 

40 

20 
17 

11 

8 

17 

2 

11,19 

'  This  value  varies  not  only  with  seed  size  but  also  with  moisture  content,  which  is  initially  rather  high  in 
Aesculus  seeds.  One  sample  of  A.  octandra  seed  showed  a  moisture  content  of  95  percent  (dry-weight  basis)  after 
it  had  been  kept  at  room  temperature  for  36  days  following  collection. 
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Table 5. — Aesculus: cold  stratification  periods,  germination  test  conditions,  and results 

Species 

Cold 

strati- 
fication 

period  ' 

Germination  test  conditions 

Daily                         Temperature 
light      Medium      
period                        Day      Night 

Dura- 
tion 

Germinative 

energy 

Germinative capacity Data 

Amount Time 

Average 

Samples 
source 

Days Hours 

"F. 

'F. 

Days 
Percent Days 

Percent Number 
A.  californica. 
A.  glabra 

var.  glabra 
var.  arguta 

A.  hippocas- 
tanum. 

A.  octandra. 
A .  pavia 

0 

-      120 
120 
120 

120 
0 

8 

8 

sand 
do 

do 
  do     _ 

-_  do 
kimpak 
sand 

86 

86 
75 
86 

86 
86 

68 

68 65 
68 

68 
68 

20 

40 

30 30 

40 
30 
30 

62 
62 

27 

20 

56 

59 

76 
89 

76 

70 
78 

2 

3 
1 

23 

3 
1 
2 

20 

7,17 

11 

7,  8,  H,  17,  23 

17 
o 

A.  sylvatica.. 90 11,19 

^  Cold  stratification  temperatures  ranged  from  31°  to  41°  F. 

Germination  is  hypogeal  (fig.  3)  and  usually  is 
complete  3  to  4  weeks  after  spring  sowing  (S). 
A  tree  percent  of  70  has  been  obtained  {11).  The 
beds  should  not  be  over-watered  because  the 
seeds  rot  rather  easily  {20).  Ordinarily,  1-0 
stock  is  large  enough  for  field  planting. 
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Simaroubaceae — Ailanthus  family 

AILANTHUS  ALTISSIMA  (Mill.)  Swingle 

by  Silas  Little  ̂  

Ailanthus 

Synonyms. — Toxicodendron  altissimvm  Mill., 
Ailanthus  fjlaitdulosa  Desf.,  A.  peregrina  (Buc 

'hoz)  Barkley. 
Other  common  names. — treeofheaven  ailan- 

thus, tree-of-Heaven,  copaltree. 
Growth  habit,  occurrence,  and  use. — Native 

to  China,  this  short  to  medium-tall  deciduous 
tree  is  of  value  chiefly  for  shade  and  other  en- 

vironmental purposes,  particularly  in  cities 
v^'here  soils  are  poor  and  the  atmosphere  smoky. 
It  is  sometimes  planted  for  shelterbelts,  for 
game  food  and  cover,  and  rarely  as  in  New 

'  Northeastern  Forest  Exp.  Stn. 

Zealand  for  timber.  Ailanthus  was  introduced 
into  cultivation  in  1751  (4)  and  brought  to 
America  in  1784  (S).  It  has  become  naturalized 

in  many  parts  of  the  United  States — from  Mas- 
sachusetts to  southern  Ontario,  Iowa,  and  Kan- 

sas, and  south  to  Texas  and  Florida,  as  well  as 
from  the  southern  Rocky  Mountains  to  the 
Pacific  Coast  (6).  In  some  localities  ailanthus  is 
so  well  established  that  it  appears  to  be  a  part 
of  the  native  flora. 

Flowering  and  fruiting. — Commercial  "seed" 
consists  of  the  one-celled,  one-seeded,  oblong, 
thin,  spirally  twisted  samaras.  These  are  1  to 
IV2  inches  long,  light  reddish  brown  in  color, 
and  bear  the  seed  at  about  the  middle  (fig.  1). 
Flowers  open  in  mid-April  to  July  (8).  Seeds 
ripen  in  large  crowded  clusters  in  September  to 
October  of  the  same  season,  and  are  dispersed 
from  October  to  the  following  spring  (/^).  Ailan- 

thus is  a  prolific  seeder:  trees  15  to  20  years  old 
bear  considerable  quantities.  Seeds  have  no 
endosperm  (fig.  2). 

Collection  of  fruits;  extraction  and  storage 
of  seeds. — Ailanthus  fruits  are  picked  from 
standing  trees  by  hand  or  flailed  or  stripped  onto 
canvas  at  any  time  during  the  late  fall  and  early 
winter.  After  collection  the  fruits  should  be 
spread  out  to  dry  (to  lose  superficial  moisture). 
They  may  then  be  run  through  a  macerator  and 
fanned  to  remove  impurities,  or  they  may  be 

romnn 

pericarp 

seedcoat 

^^  cotyledons  ~~if^ 

hypocotyl 

i^T'.^i  radicle 

Figure  1, — Ailanthus  altisshna,  ailanthus:  samara,  2  x. 

M 

Figure  2. — Ailanthus  altissima,  ailanthus:  longitudinal 
sections  through  a  samara,  6   X . 
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flailed  or  trampled  in  a  burlap  bag  and  run 
through  a  fanning  mill  (8).  One  hundred  pounds 
of  fruit  yield  from  30  to  90  pounds  of  cleaned 
seed  (8).  Number  of  seeds  with  wings  per  pound 
(6  samples) :  low,  12,700;  average,  14,600;  high, 
16,500  (8).  Cleaned  seeds  (without  wings): 
low,  13,300;  average,  17,400;  high,  19,700  (1). 
Seed  lots  in  the  United  States  have  averaged 
about  88  percent  in  purity  and  soundness  (8), 
although  in  Russia  purity  percentages  of  92  to 
96  are  reported  (1).  Recommended  storage  calls 
for  low  moisture  contents  of  seeds,  temperatures 
of  34°  to  38°  F.,  and  the  use  of  sealed  containers 
(3).  However,  one  lot  of  seed  stored  in  sacks 
for  over  a  year  at  temperatures  ranging  from 

20°  to  105°  F.  still  had  germination  of  75  per- 
cent (8).  In  Russia  seeds  are  stored  in  boxes 

at  32°  to  40°  F.,  layers  about  an  inch  thick  being 
separated  and  topped  by  layers  of  dry  sand  half 
as  thick  (7).  While  sensitive  to  moisture  and 
fluctuating  temperatures,  seeds  can  be  success- 

fully stored  for  long  periods  in  sealed  containers 
at  low  moisture  contents  in  a  refrigerator  (3). 

Pregermination  treatments. — Limited  testing 
of  ailanthus  seeds  by  the  North  Central  Forest 
Experiment  Station  indicates  that  they  have 
dormant  embryos,  and  that  germination  is  bene- 

fited by  stratification  in  moist  sand  for  60  days 
at  41°  F.  (8).  Shumilina  (7)  recommended 
stratification  for  seeds  sown  in  the  spring:  30 
to  45  days  at  temperatures  slightly  above  32°  F. 
Soaking  in  water  for  10  days  gives  poorer 
results  than  no  treatment  (8). 
Germination  tests. — One  recommendation 

calls  for  placing  seeds  on  the  top  of  moist  blot- 
ters, alternating  temperatures  of  68°  and  86°  F., 

and  a  duration  of  21  days  (2).  Recommenda- 
tions of  the  International  Seed  Testing  Associ- 
ation (5)  are  similar,  but  call  for  removing  the 

pericarp  before  testing.  An  earlier  recom- 
mendation :  sand  flats ;  temperatures  alternating 

diurnally  from  60°  to  80°  F;  duration,  30  days 
for  stratified  seeds  and  60  to  80  days  for  un- 
stratified  seeds  (8).  Under  these  test  conditions 
results  in  2  tests  gave  a  germinative  energy  for 
stratified  seed  of  8  to  52  percent  in  9  to  26  days ; 

in  3  tests  of  stratified  seed  a  germinative  ca- 
pacity of — low,  14  percent;  average,  48  percent; 

high,  75  percent  (8). 
Nursery  practice. — Seed  should  be  stratified 

over  winter  and  sown  in  the  spring  in  drills  or 
broadcast,  covering  with  V2  inch  of  soil.  About 
15  to  25  percent  of  the  viable  seed  sown  has 
produced  usable  1-0  seedlings  (8).  Thus,  1 
pound  of  seed  may  yield  3,000  usable  plants  (P). 
Ailanthus  reproduces  from  sprouts  as  well  as 
from  seed. 
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Leguminosae — Legume  family 

ALBIZIA  Durazz.  Albizzia 

by  Herbert  L.  Wick  i  and  Gerald  A.  Walters  ̂  

Growth  habit,  occurrence,  and  use. — The  al- 
bizzias  include  about  50  species  of  medium-to- 
large-sized  trees  distributed  throughout  tropical 
and  subtropical  Asia,  Africa,  and  Australia  (^). 
Many  species  have  been  introduced  into  the 
United  States,  but  only  two  are  important 
(table  1).  Albizia  jHlibrissin  was  introduced  into 
the  southern  United  States  in  1745,  and  has 
been  planted  widely  for  ornamental  purposes. 
The  species  is  also  valuable  as  wildlife  cover  and 
browse  (6).  Albizia  falcataria  was  introduced 
into  Hawaii  in  1917  (4).  Its  wood  is  light 
weight,  moderately  weak  in  bending  or  com- 

pressing strength,  moderately  soft,  and  moder- 
ately limber  (1,  2).  The  wood  is  used  for  boxes, 

cases,  pallets,  plywood,  and  fuelwood. 
Flowering  and  fruiting. — The  flowering  and 

seeding  dates  of  A.  jnlibrissin  and  A.  falcataria 
are  given  in  table  2.  Flowers  of  A.  falcataria 
are  whitish  (4)  and  those  of  A.  julibrissin  are 
light  pink  (6).  Both  species  bear  their  flowers 
in  clusters  around  the  tips  of  the  branches.  The 
fruit,  a  flat  linear  8-  to  12-seeded  pod,  ripens  in 
the  same  year  the  trees  flower  (4,  6).  Albizia 
falcataria  pods  are  about  5  inches  (13  cm.)  long; 
A.  jnlibrissin  pods  are  about  6  inches  (15  cm.) 
long  (fig.  1).  Pods  of  both  species  turn  from 
green  to  straw  colored  when  mature.  Pods 
dehisce,  releasing  the  light  brown  seeds   (figs. 

^  Pacific  Southwest  Forest  and  Range  Exp.  Stn. 

1  and  2).  But  pods  may  remain  attached  to  the 
tree  for  some  time  (-4,  6). 

Collection,  extraction,  and  storage. — Collec- 
tion of  albizzia  seed  should  begin  as  soon  as  the 

pods  begin  to  turn  brown.  The  pods  may  be 
picked,  or  shaken  from  the  trees  and  collected 
on  canvas.  Seeds  are  readily  extracted  from  the 
pods  by  flailing  or  by  threshing.  A  seed  cleaner 
or  a  fanning  mill  can  be  used  to  separate  seed 
from  the  resulting  debris.  Albizia  falcataria 
averages  about  18,500  clean  seeds  per  pound 
{3,  5,  7),  A.  julibrissin  about  11,100  clean  seeds 
per  pound  (6).  In  Hawaii,  A.  falcataria  seed  is 
stored  in  airtight  containers  at  34°  F.  (5).  No 
definite  information  is  available  on  how  long  A. 
julibrissin  seed  can  be  stored,  except  that  a 
small  sample  of  seed  kept  in  loosely  corked 
bottles  in  a  laboratory  for  almost  5  years  had 
almost  90  percent  germination   (6). 

Germination. — Albizzia  seed  is  dormant  be- 
cause of  an  impermeable  seedcoat.  Dormancy  can 

be  broken  by  treatment  in  a  mechanical  scarifier 
until  breaks  begin  to  appear  in  the  seedcoat  (6) 
and  by  soaking  seed  in  sulfuric  acid  for  10  to  15 
minutes  and  in  water  for  15  minutes  (7).  Put- 

ting seed  in  boiling  water,  removing  water  from 
heat  source,  and  allowing  the  seed  to  soak  for 
24  hours  is  not  as  effective  as  other  methods 
(7).  Germination  after  mechanical  scarification 
or  treatment  with  sulfuric  acid  has  been  70  to 
85  percent  (5,  6).  Germination  is  epigeal  (fig. 3). 

Table  1. — Albizia:   nomenclature,   occurrence,  aiid  growth  habit 

Scientific  names Common 
names 

Occurrence 
Growth 

and  synonyms Native                    United  States habit 

A.  falcaiarin  (L.)  Fosberg 
A.  falcata  (L.)  Back. 
A.  moluccana  Miq.  Fl.  Ind. 
Adenanthera  falcata  L. 

A.  julibrissin  Durazz   
Acacia  julibrissin 

(Durazz.)  Wild. 
A.  nemu  Wild. 

Molucca  albizzia, 
Batai,  sau. 

silktree,  mimosa 

tree,  powder-puflF 
tree,  silktree 
albizzia. 

Indonesia.--    .        .Hawaii    

Persia  to  China    .       Southern  United 
States. 

-  -  Deciduous  forest 
tree. 

Deciduous  ornamental 
and  forage  tree. 
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Table  2. — Albizia:  flowering,  fruit  ripening,  and  seed  dispersal  dates 

Species Location 
Flowering 

dates 

Fruit 
ripening 
dates 

Seed 

dispersal 
dates 

Data 

source 

A.  falcataria    Hawaii     April-May- 
A.  julibrissin    Southern 

United 
States    June-Aug..- 

June-Aug    June- Aug.. 

Sept.-Nov.    Sept.-Nov. 

r  8mm 

0.5  X 
Apr 

2  X 

Figure  1. — Albizia  julibrissin,  silktree:  pods,  V2  X,  and 
seeds,  2  X. 

Nursery  practice. — In  Hawaii,  A.  falcataria 
seeds  are  sown  at  about  30  to  40  per  square  foot. 
Sowing  depth  is  between  14.  and  i/^  inch  deep. 
Seedlings  are  thinned  to  about  20  to  25  per 
square  foot.  Seedlings  are  generally  outplanted 
at  the  age  of  8  to  12  months  (5). 

Figure    2. — Albizia    julibrissin,    silktree:    longitudinal 
section  through  a  seed,  5  X. 

Figure  3. — Albizia  julibrissin,  silktree:  seedling  devel- 
opment at  1,  3,  5,  and  8  days  after  germination. 
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Betulaceae — Birch  family 

ALNUS  B.  Ehrh.  Alder 

by  C.  S.  Schopmeyer  ^ 

Growth  habit,  occurrence  and  use. — This  ge- 
nus includes  about  30  species  of  deciduous  trees 

and  shrubs  occurring  in  North  America, 
Europe,  and  Asia  and  in  the  Andes  mountains 
of  Peru  and  Bolivia.  Their  most  common  native 
habitats  are  high  mountains,  swamps  and  bot- 

tomlands along  streams.  The  principal  species 
that  attain  tree  size  in  the  United  States  are 
listed  in  table  1.  Scientific  names  used  are  those 
listed  by  Little  (i^)  vi^ho  included  the  changes 
made  by  Fernald  in  1945  {6).  A.  rugosa  (Du- 
Roi)  Spreng.,  speckled  alder,  formerly  was  in- 

cluded with  the  Eurasian  species  A.  incana  (L.) 
Moench,  but  Fernald  showed  that  the  American 
species  is  distinct.  The  name  A.  rugosa  formerly 
was  applied  to  the  species  now  designated  as 
A.  serrulata  (Ait.)  Willd.,  hazel  alder.  The  data 
are  compiled  under  the  new  names  although  in 
some  cases  they  were  published  originally  under 

names  in  use  before  Fernald's  changes. 
Alders  are  among  the  first  species  to  become 

established  naturally  on  many  denuded  areas. 
Seedlings  have  been  planted  successfully  for  re- 

forestation of  spoil  banks  (15)  and  soil  fertility 
is  improved  through  fixation  of  atmospheric 
nitrogen  by  micro-organisms  in  the  root  nodules 
(30).  Alders  also  have  been  planted  for  wildlife 

'  Timber  Management  Research,  USDA  Forest  Serv- 
W^ 

food  and  cover  (13)  and  for  ornamental  use 
(25).  On  the  Pacific  Coast  of  North  America,  A. 
rubra  is  harvested  for  pulp  wood  and  for  making 
furniture. 

Flowering  and  fruiting. — Clusters  of  male  and 
female  catkins  occur  on  the  same  tree  in  late 

A.  crispa 

American  green  alder 
A.  glutinosa 
European  alder 

A.  nepalensis     A.  rhombi folia  A.  rubra 
Nepal  alder         white  alder  red  alder 

A.  rhombi  folia 
white  alder 

A.  serrulata 
hazel  alder 

A.  serrulata         A.  sinuata 
hazel  alder  Sitka  alder 

Figure  1. — Alnus:   mature  female  catkins    (strobiles), 
2  X. Figure  2. — Alnus:  nuts  (seeds),  8  X. 
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winter  or  spring  (table  2).  Strobiles  (catkins, 
cones)  of  most  species  are  V3  to  %  inch  (10- 
15  mm)  long  when  mature  (fig.  1)  but  those  of 
A.  nepalensis  and  A.  rubra  are  larger,  having 
lengths  of  i/i  to  1  inch  (12  to  24  mm^  (1,  26). 
They  are  produced  in  abundance  before  trees 
reach  10  years  of  age  in  at  least  two  species,  and 
good  crops  are  borne  at  least  once  every  4  years 
(table  3).  Seeds  are  small  nuts  borne  in  pairs  on 

the  bracts  of  the  strobiles.  When  released  they 
are  dispersed  by  wind,  and  in  some  species  by 
water.  Seeds  of  A.  glutinosa  have  remained 
viable  after  floating  for  12  months  in  still  water 
(18).  The  nuts  of  A.  rubra  and  A.  simmta  have 
broad  wings  about  as  wide  as  the  body  of  the 
nut.  In  the  other  species  included  here,  the 
wings  are  reduced  to  a  narrow  border  (fig.  2) 
(7,  26).  Seeds  contain  no  endosperm  (fig.  3). 

Table  1. — Alnns:  nomenclature,  occurrence,  and  uses;  data  compilers 
Scientific  names 

  and  synonyms 

.4,  crispa  (Ait.)  Pursh  "_    . 

Common  names Occurrence 

Uses' 

Data  compilers 
for  the  species 

4.  glutinosa  (L.)  Gaertn. 
A.  rotundifolia  Mill. 
A.alnus  (L.)  Britten. 

American  green  alder, 
green  alder, 
mountain  alder. 

European  alder, 
black  alder, 

European  black  alder. 

A.  incana  (L. )  Moench  '  °      European  speckled  alder, hoary  alder, 

gray  alder. 

4.  nepalensis  D.  Don  ,          Nepal  alder, 
utis,  maibao. 

4.  rhombifolia  Nutt          white  alder, 
A.  rhoynbifolia  var.  Sierra  alder. 

bernardina  Munz  and 
Johnst. 

4.  rubra  Bong.       
A.  oregona  Nutt. 

4.  rugosa  (Du  Roi)  Spreng.  "■  *. 
A.  incana  (L.)  Moench 

subsp.  rugosa  (Du  Roi) 
R.  T.  Clausen. 

A.serrulata  (Ait.)  Willd. '   ._  . 
A.  rubra  (Marsh.)  Tuckerman 
A.  noveboracensis  Britton. 

4.  sinuata  (Reg.)  Rydb."  ''       
A.  viridis  S  sinuata  Reg. 
A.  sitchensis  (Reg.)  Sarg. 
A.  crispa  (Ait.)  Pursh  subsp. 

sinuata  (Reg.)  Hulten 
A.  fruticosa  Rupr.  var. 

sinuata  (Reg.) 
Reg.  ex  Hulten. 

1.  tenuifolia  Nutt."      ...      ... 

red  alder, 

Oregon  alder, 
western  alder, 
Pacific  Coast  alder. 

Speckled  alder. 

hazel  alder, 
smooth  alder, 
black  alder. 

Sitka  alder, 
mountain  alder, 
wavyleaf  alder. 

thinleaf  alder. 
mountain  alder, 
river  alder. 

Labrador  to  Alaska  south- 
ward to  Minnesota  and 

New  England. 

Native  of  Europe,  northern 

Africa,  and  Asia;  nat- 
uralized locally  in  parts 

of  eastern  Canada  and 
northeastern  United 
States. 

Native  of  Europe  and  the 
Caucausus  area; occurs 
in  North  America  only 
under  cultivation. 

Native  of  India  and  Burma. 
Planted  in  Hawaii. 

Interior  of  southern  British 
Columbia,  Washington, 
Oregon,  and  Idaho;  Sierra 
Nevada  and  Coast  Ranges 
in  California  and  northern 

Baja  California. 
Pacific  Coast  region  from 

southeastern  Alaska  to 
southern  California. 

H.  W.  E 

H.  W.  E 

T,  H,  W 

H,  W 

Eastern  and  central  Canada,   H,  W 

north  central  United 

States,  and  in  Appa- 
lachian Mountains  to 

West  Virginia  and 
Maryland. 

Southwestern  Nova  Scotia        H,  W 
and  central  Maine  west  to 
Missouri  and  south  to 
Louisiana  and  Florida. 

Yukon  and  Alaska  H,  W 
southward  to  northern 
California  and  western 
Montana;  also  in 
eastern  Asia. 

Yukon  and  Alaska 
southward  to  western 
Montana  and  Oregon,  in 
Sierra  Nevada  to  Central 
California  and  east  to 
Arizona  and  New  Mexico. 

H,  W 

F.  Pogge  and 
John  Gill. 

H.  W.  E        Paul  Rudolf. 

H.  Wick. 

E.  L.  Mowat. 

T,  W,  E         R.  E.  Miller. 

F.  T.  Metzger. 

P.  Pogge  and 
J.  Gill. 

E.  L.  Mowat. 

'T:  timber  production,  H:  habitat  and  food  for  wild- life,  W:   watershed,  E:   environmental  forestry. 
■A.  crispa  (Ait.)  Pursh  should  include  A.  sinuata  (Reg.)  Rydb.  according  to  some  authors.  The  two  species 

intergrade  in  Alaska   (H). 

'The  species  A.  rugosa  (Du  Roi)  Spreng.  formerly  was  included  in  the  Eurasian  species  A.  incana  (L.) 
Moench   (14). 

*  The   name  A.   rugosa   formerly   was   applied   to   the  species  now  designated  as  A.  serrulata  (Ait.)   Willd.   (H). 
''A.  sinuata  (Reg.)  Rydb.  has  been  united  by  some  authors  with  A.  fruticosa  Rupr.,  a  shrub  of  eastern  Asia  (li). 
"A.  tenuifolia  Nutt.  has  been  regarded  by  some  authors  as  a  synonym  for  A.  incana   (L.)  Moench  (H). 
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Table  2. — Alnus:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates Seed  dispersal 
dates 

Data 

source 

A.irispa    Eastern  United  States      Spring'    Late  August  to         Soon  after  7,32 mid-October.  ripening. 
A.  glutinosa    Eastern  United  States      Mar.-May    Fall     Late  fall  to  7,32 early  spring. 

England...      Feb.-Apr          17 
A.incana    Europe    Mar.-May    Sept.-Nov    Sept.-Dec    2,12,23 
A.nepalensis     Hawaii     Oct.-Feb    Oct.-April    1 
A.  rhombifolia        Jackson  Co.,  Oregon    March    Late  Sept.-early       22 Oct. 

A. rubra     Washington  and  Oregon     ...  Late  Feb.-  Aug.-Oct    Fall-winter    38 early  May. 

A.  rugosa    March-May      7 
A.  serrulata        Feb.-May  Late  Sept.-early    .—      7,16 Oct. 

A.  tenuifolia      Idaho,  Montana,  Oregon  March-April  ..   Aug.-Sept      22,33 

'  Flowering  occurs  during  the  period  when  leaves  unfold  (7). 

Table  3. — Alnus:  growth  habit,  height,  seed-bearing  age,  and  seed  crop  frequency 

Species 
Growth habit 

Height 

at 
maturity 

Year  of 
first 

culti- 
vation 

Minimum 

seed- 

bearing 

age 

Interval 
between 

large  seed 
crops 

Data 

source 

A.  crispa..      shrub       
A.  glutinosa    tree...     
A.  incana   do   
A.  nepalensis  (Hawaii)   do   
A.  rhombifolia   do   
A.  rubra   do   
A.  rugosa     __  tree  or  shrub 
A.  serrulata     do 
A.  sinuata     do   
A.  tenuifolia     do     

Feet 

up  to  10 
up  to  115 
up  to  65 45-100 
70-80 
40-90 

up  to  26 
up  to  26 
up  to  40 4  to  30 

Years 

1866 
under  25 

1916 10 1885 

1884 
under  10 

1769 

"" 

1903 

1880 .... 

Years 

1-4 

"4 

7,25 

7 

3,23 1 
26 
26,38 
U 
U 

26 

26 

Collection  of  fruits,  extraction  and  storage  of 
seeds. — Strobiles  (cones)  may  be  collected  from 
standing  or  recently  felled  trees  when  the  bracts 
(scales)  start  to  separate  on  the  earliest  stro- 

biles.  They  will  open  after  being  exposed  in 

2.7  mm 

Figure  3. — Alnus  rubra  red  alder:  longitudinal  section 
through  a  nut,  16  X. 

drying  racks  in  a  well-ventilated  room  for 
several  weeks  at  ambient  air  temperature.  They 
can  be  opened  in  a  shorter  time  by  drying  them 
in  a  kiln  at  80°  to  100-  F.  Most  of  the  seeds  fall 
out  of  the  strobiles  during  the  drying  process. 
The  remainder,  if  needed,  may  be  extracted  by 
shaking  or  tumbling. 

Purity  as  high  as  90  percent  has  been  attained 
in  European  seed  by  fanning  and  screening. 
Quality,  however,  usually  is  low  because  only  a 
small  proportion  of  the  empty  seeds  can  be 
separated  (32).  Soundness  in  most  lots  of 
cleaned  seed  has  been  between  30  and  70  per- 

cent (table  4).  Number  of  seeds  per  pound 
ranged  from  300,000  to  700,000  in  lots  of  aver- 

age quality  (table  4).  Except  for  seed  of  A. 
crispa,  higher  numbers  may  indicate  a  low  per- 

centage of  filled  seed.  Numbers  ranging  from 
800,000  to  2,000,000  seeds  per  pound  have  been 
found  in  samples  of  A.  nepalensis,  A.  rubra,  and 
A.  tenuifolia  but  less  than  5  percent  of  the  seeds 
in  these  samples  were  full  (55).  Such  low  per- 

centages of  good  seed  are  common  in  sparse  seed 
crops. 
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Table  4. — Alnus:  soundness,  cleaned  seeds  per  pound,  and  other  yield  data 

Yield  of 
Weight       cleaned  seed 

°^  ̂       Per  100       Per    Cleaned  seeds  per  pound   

Species  ^"^sj'^l     pounds     bushel  ^^^^^  Average     Samples       Sound- 
^^f°^'      strob-       strob- 

  '^^^  iles  iles   Pounds  Pounds  Pounds           Number  Number  Nximber  Percent 

A.crispa..     696,000-1,864,000  1,280,000  2  42-93 
A.glutinosa   (Pa.)    ....  ._.  1.2  257,000-    401,000  321,000  7 

(Europe)    _..    289,000-639,000  352,000  86  39 
/I.  mcana  (Europe)    16-23  8-10  437,000-    900,000  668,000  123  51 
A.rhombifoUa  Cireshy    18  5  1 

(airdry)\    .  7  13  1  613,000-    687,000  650,000  2  71 
A.  rubra        7  9  1.1  383,000-1,087,000  666,000  4  70 

A.rugosa               ....  =3.7  .  .  .  300,000  .  30-60 
A.  tenuifoUa  (fresh)'           11  7        1 

(air  dry)'      .  6  13        0.8  675,000  1 

'  Yield  data  were  determined  on  clusters  of  strobiles  including  stems    (22). 
°  Computed    from    reported    yield   of   0.4    pound    of   seed    per  gallon  of  strobiles  {13). 

Data 
source 

3i 

23,  2h,  37 
22 

21,22,35 20,21,28, 
31,  3  i 

13 
22 

"^1   22 

Air-dried  seeds  have  been  stored  in  sealed 
containers  at  34  "-38"  F.  Under  these  condi- 

tions, viability  was  maintained  for  2  years  in 
seeds  of  A.  ghttinosa  {10)  and  for  10  years  in 
A.  rugosa  (8). 

Pregermination  treatments  and  germination 
tests. — Germination  capacity  of  fresh  seeds  of 
A.  rhomhifoUa  and  A.  tenuifoUa  was  equally 
good  for  stratified  and  nonstratified  seed  (35). 

Fresh  seed  of  A.  f/lutinosa  and  A.  incana  also 
germinated  promptly  without  stratification ;  but 
dried  seed,  at  a  moisture  of  content  of  8  to  9 
percent,  was  dormant  (table  5)  (27).  Germina- 

tion capacity  of  the  dried  seed,  after  stratifi- 
cation for  180  days  at  41°  F.,  was  higher  than 

that  of  fresh  seed.  Maximum  germination  ca- 
pacity, however,  was  obtained  only  when  the 

stratification  period  was  followed  by  a  3-day 

Table  5. — Alnus:    stratification   periods,   germination  test  conditions,  and  results 

Germination 

Qold  test  conditions 

Snecies                   stratifi-  Temperature 
^                            cation  Day  Night  Dura- 

period '  (8  (16  tion 
  hours)  hours)   

Days  °  F.  °  F.  Days 
A.  crispa               60  86  68  30-40 
4.  fir /Mimosa  (Pa.)             0  86  70  28 
A.  glutinosa  (Finland) : 

fresh  seed             0  77  77  21 
dried  seed            0  77  77  21 
dried  seed         180  77  77  21 

dried  seed      ^  180-f  3  77  77  21 
A.  incana  CEMTOTpe)            0  70  70  30 
A.  incana  (Finland) : 

fresh  seed.                 0  77  77  21 
dried  seed             0  77  77  21 
dried  seed         180  77  77  21 

dried  seed      '180  +  3  77  77  21 
A,  rhombifolia 

fresh  seed            0  '86  68  30 
A.  rubra                0  75  60  7 

A.  serrulata            (*)  81  73  10 
A.  tenuifoUa 

fresh  seed             0  86  68  26 

'  Stratification,  when  used,  was  in  a  moist  medium  at  34° 
"  180  days  at  41°  F.  plus  3  days  at  -4°  F. 
'  Light  period  was  8  hours  per  day  at  this  temperature. 
'  Seeds  were  stratified  for  an  unspecified  period. 

Germinati' 

ve 
energy 

Germi- 
nation 

capacity 
Samples 

Sound- 

ness 
Data 
source 

Amount Pe riod 

Percent 

Days 

Percent Nximber Percent 

28 12 

28 

52 
3 
7 

30-40 

3A 

2,11 21 5 28 1 

43 

27 
9 5 

13 

1 43 

27 

27 5 35 1 43 

27 

35 5 

46 
45 

1 
100 

43 

ay 

u 
21 5 29 1 45 

27 

12 

5 16 1 45 27 25 

5 34 1 45 27 
38 5 49 1 45 27 

59 14 59 1 65 

35 

56 7 

56 

4 5 27 

2 36 1 16 13 

5.7 

35 to  41°  F. 
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period  at  —4°  F.  (table  5)  (27).  Dormancy  also has  been  encountered  in  occasional  seed  lots  of 
A.  rugosa  (9)  and  A.  crispa  (3i).  Stratification 

for  30  to  60  days  at  34°-41°  F.  has  been  recom- 
mended for  these  dormant  lots  (SJf). 

For  germination  testing,  both  constant 
temperatures  and  diurnally  alternating  tem- 

peratures have  been  used  (table  5).  A  test  dura- 
tion of  21  days  was  ample.  Light  for  8  hours  or 

more  per  day  has  been  recommended  (11). 
Seeds  of  A.  glutinosa,  however,  germinated  as 
well  in  continuous  darkness  as  under  normal 
day  length  (18). 

Nursery  and  field  practice. — Spring  sowing  is 
preferred  by  nurserymen  in  Pennsylvania  (2), 
Washington  (i),  and  California  (5),  but  fall 
sowing  is  preferred  in  New  York  (9).  Seeds 
that  have  been  dried  to  a  moisture  content  less 
than  10  percent  may  require  stratification 
before  spring  sowing  (27).  Sowing  depths  of 
Vr  to  14  inch  have  been  used  for  seed  of  A. 
ghdinosa  and  A.  rubra  (2,  J^).  In  California, 
seed  of  A.  rubra  has  been  mixed  with  10  parts 
of  vermiculite  and  drilled  1/2  ii^ch  deep  (5). 
Seed  of  A.  nepalensis  has  been  mixed  with  sand 
and  spread  over  the  nursery  beds  to  provide 
about  25  seedlings  per  square  foot  (29).  Out- 
planting  usually  is  done  with  1-0  stock.  The 
number  of  plantable  seedling  obtained  from  one 
pound  of  seed  was  10,000  for  A.  glutinosa  and 
40,000  for  A.  serrulata  (36).  Germination  is 
epigeal  (fig.  4). 

Direct  seeding  in  the  field  has  been  done  suc- 
cessfully with  2  species.  A.  rugosa  has  been 

established  in  Pennsylvania  by  broadcast  sow- 
ing on  disked  areas  and  on  sod.  Seed  was  col- 

lected in  the  fall  and  broadcast  during  the 
following  February  and  March.  Seeding  rates 
were  0.5  pint  per  100  square  feet  on  bare  soil 
and  0.7  pint  for  the  same  area  of  sod  (13).  In 
England,  better  stocking  was  obtained  on  a 
shallow  blanket  bog  with  spots  of  A.  glutinosa 
than  with  broadcast  sowing.  About  15  viable 
seeds  were  sown  in  each  spot  and  fertilized  with 
2  ounces  of  phosphate  (19). 
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Rosaceae — Rose  family 

AMELANCHIER  Med.  Serviceberry 

by  K.  A.  Brinkman  ^ 

Growth    habit,    occurrence,    and    use. — The 
serviceberries  include  about  25  species  of  small 
deciduous  trees  and  shrubs  native  to  North 
America,  Europe,  and  Asia.  Distribution  and 
chief  uses  of  six  species  are  shown  in  table  1. 
Most  species  provide  browse  and  edible  fruits 
for  wildlife  and  many  have  attractive  flowers. 
Amelanchier  ahnfolia  and  A.  arhorea  have  been 
used  to  a  limited  extent  for  shelterbelt  and  wild- 

life plantings,  but  other  species  also  should  be 
considered  for  these  and  other  environmental 
uses.  Geographic  races  of  Aynelanchier  have  not 
been  identified,  but  they  could  occur  in  widely 

'  North  Central  Forest  Exp.  Stn. 

distributed  species  such  as  A.  ahnfolia  and  A. 
arhorea.  Several  natural  hybrids  are  known  (^). 

Flowering  and  fruiting. — The  perfect,  white 
flowers  appear  in  terminal  clusters  early  in 
spring,  before  the  leaves  in  some  species  (table 
2).  Fruits  are  berrylike  pomes  (fig.  1)  that  turn 
dark  purple  or  black  when  they  ripen  (table  3). 
Each  fruit  contains  from  4  to  10  small  seeds, 
although  some  of  these  are  usually  abortive. 
Fertile  seeds  are  dark  brown  with  a  leathery 
seedcoat  (fig.  2)  and  with  the  embryo  filling  the 
seed  cavity  (fig.  3).  Seed  dispersal  is  almost  en- 

tirely by  birds  and  animals;  Turcek  {20)  re- 
ported that  seeds  of  some  species  are  distributed 

by  insects.  Fruits  usually  are  eaten  by  birds  or 
animals  as  soon  as  they  ripen. 

Table  1. — Amelanchier:  nomenclature,  occurrence,  and  uses;  data  compilers 

^''^"™5!^f  ̂ "'^                    Common  names                         Occurrence                       U^^^^           S^i^SS^   synonyms   lor  the  species 

A.  alnifoUa  (Nutt.)  Nutt.  -    saskatoon  service-  Western  Ontario  to  Yukon,      H,  W,  S        Rodney  D.  Jacobs. 
Aronia  alnifolia  Nutt.                       berry,  juneberry,  south  to  Oregon  and 
Amelanchier  carrii  Rydb.                 western  shadbush.  Utah,  east  to  northwest- 

ern Iowa. 

^,  «r6orea  (Michx.  f.)  Fern      downy  serviceberry.  New  Brunswick  west  to             H,  W           Do. 
Mespilus  arborea  Michx.  f.              shadblow  service-  Ontario  and  Minnesota, 
A.  alabaynensis  Britton.                   berry.  south  to  Nebraska  and 
A.  arborea.  var.  alabamerisis  Texas,  east  to  Florida. 

(Britton)  G.  N.  Jones. 
A.  canadensis  Wieg. 

A.  canadensis  (L.)  Medic    thicket  serviceberry,  Maine  to  Pennsylvania  and      H,  E    Robert  L.  Barnes. 
A.  oblongifolia  Roem.                        thicket  shadblow,  Georgia. 
A.  obovalis  Ashe.                               shadbush. 
A.  canadensis  var.  oblongi- 

folia T&G. 
A.  florida   Lindl    Pacific  serviceberry,  Pacific  coast  region  from          H,  W             E.  L.  Mowat. 

A.  ephe77ierotrichaSuks(i.                western  service-  Alaska  south  through 
A.  vestita  Suksd.                                berry.  western  British  Columbia, 
A.  florida  var.  hump-  Washington  and  north- 

tulipensis  G.  N.  Jones.  western  California. 
A.  laevis  Wieg         Allegheny  service-  Newfoundland  and  Quebec       H                   Rodney  D.  Jacobs. 

berry,  juneberry,  to  Minnesota,  south  to 
shadbush.  Kansas,  east  to  Ohio  and 

Delaware,  and  in  moun- 
tains to  Georgia  and 

Alabama. 

A.  sanguinea  (Purs^h)  DC.               roundleaf  service-  Maine  and  southern  Quebec     H     .-.                Do. 
Pi/rus  sanc/uinea  Pursh.                    berry,  roundleaf  to  Minnesota,  south  to 
A.  prandiflora  Wieg.                         juneberry,  shore  Iowa,  and  east  to  New 
A.  huronensis  Wieg.                          shadbush,  Huron  Jersey,  mountains  of 
A.  artmbal is  Wief;:.                             serviceberry.  North  Carolina.   

'  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E;  environmental  forestry. 
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Table  2. — Amelanchier :  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 

Data 

source 

A.  alnifolia   
A.  arborea   
A.  canadensis Carolinas 

A.  florida    Oregon- 
-1700  ft. 

4300  ft. 

A.  laevis   
A.  sanguinea. 

May-June           July-August 
March-June        June-August   
March-April    May-June        
May    June   
April-      August    . 
May        
May     August     _        _ 
March-June       June-August 
May-June               July-September 

5,  15,21,25 

5,  9 

16 

17 

12 
12 
17 
5 

5,17 

25 

Table  3. — Amelanchier:  height,  avd  fruit  ripe- 
ness criteria 

Species 
Height 

at  ma- turity 

Year  of 

first 

culti- vation 

Color 
of  ripe 
fruit 

Data 

source 

Feet 
A alnifolia     . 20 1826 Blue  purple 5 
A. arborea  .  ... 60 1623 Reddish  purple 5,  9,  Ih 
A. canadensis 25 1641 Nearly  black, 

sweet. 
17,18 

A. florida   40 1826 Purnlish  black 
17 

A. laevis   30 
1870 Dark  purple 5,17,19 

A. sanguinea 10 1824 Dark  purple, 
sweet. 

5,17 

•-%... 

Collection  of  fruits. — To  minimize  losses  to 
wildlife,  fruits  must  be  picked  from  the  trees 
as  soon  as  possible  after  ripening  (table  2). 
Unless  the  seeds  are  to  be  extracted  promptly, 
the  fruits  should  be  spread  out  in  thin  layers  to 
dry.  Loss  of  viability  will  result  if  the  fruits  are 
allowed  to  overheat. 

Extraction  and  storage  of  seeds. — Seed  ex- 
traction is  usually  accomplished  by  macerating 

the  fruits  in  water  and  washing  them  over 
screens  (6,  13).  This  removes  most  of  the  pulp. 
After  drying  and  rubbing  through  the  screens, 
the  seeds  and  remaining  debris  are  run  through 
a  fanning  mill  to  remove  small,  aborted  seeds 
and  bits  of  fruit  {23).  Seed  yield  and  weight 
data  ai'e  shown  in  table  4.  Few  storage  tests 
have  been  made  of  serviceberry  seeds,  but  dry 

storage  in  sealed  containers  at  41"^  F.  usually  is recommended  (5,  23). 

Pregermination  treatments. — Embryos  of  all 
species  show  dormancy  that  can  be  at  least  par- 

tially overcome  by  cold  stratification  (3).  The 
seedcoat  of  some  species  also  may  retard  ger- 

mination. Scarification  of  A.  laevis  in  concen- 

A.  florida 
Pacific  serviceberry 

A.  laevis 
Allegheny  serviceberry 

A.  alnifolia  A.  florida 
saskatoon  serviceberry         Pacific  serviceberry 

Figure  1. — Avielanchier :  pomes,  2  x. Figure  2. — Amelanchier :  seeds,  6  X. 
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Species 

A.  alnifolia.... 
A.  arborea   
A.  florida..^   
A.  sanguinea. 

Table  4. — Amelanchier :  cleaned  seeds  per  pound  and  other  yield  data 

Place  of 
collection 

Fruits 

per 

bushel 

Seeds 

per  100 

pounds of  fruit 

Seeds 

per 

bushel 
of  fruit 

Cleaned  seeds  per  pound 
Range 

Average  Samples 

Pounds 

Oregon       42 
Minnesota     .... 

Pounds 
2 
1 
2 

Pounds Number 

36,300-113,800 
50,000-  81,000 

Number 

82,000 
80,000 
54,000 
84,000 

Number 
6 
5 
1 
1 

Data 

source 

10,23 
23 12, 2U 

23 

trated  H2SO4  followed  by  stratification  improved 
germination  (5).  The  necessary  time  period  of 
cold  stratification  varies,  but  most  species  re- 

quire 2  to  6  months  (7)   (table  5). 

4mrn, 

Figure  3. — Amelanchier  sanguinea,  roundleaf  service- 
berry:  A,  longitudinal  section  through  a  seed,  and 
B,  exterior  view;  both  at  12  x. 

Germination  tests. — Germination  of  stratified 
seed  can  be  tested  in  sand  or  a  sand-peat  mix- 

ture. Constant  temperatures  of  70°  F.  or  alter- 
nating temperatures  of  86°  (day)  and  68°  F. 

(night)  have  been  equally  successful.  Light  does 
not  appear  to  be  necessary  during  tests  (table 
5).  Germination  is  epigeal  (fig.  4).  Previously 
stratified  seed  of  A.  alnifolia  showed  84  to  99 

percent  germination  at  35°  to  41°  F.  (iO,  ii). 
Under  natural  conditions,  germination  could 
begin  in  the  early  spring  under  snow  or  shortly 
after  snowmelt. 

Nursery  practice. — Serviceberry  seed  may  be 
either  sown  in  the  fall  or  stratified  and  sown  in 
the  spring  {2).  Many  seeds  do  not  germinate 
until  the  second  spring.  It  is  suggested  that  the 
seeds  be  sown  as  soon  as  possible  after  collection 
and  that  the  beds  be  kept  mulched  until  ger- 

mination begins  the  following  spring  {23).  Seed 
should  be  sown  in  drills  at  the  rate  of  25  sound 

seeds  per  lineal  foot  and  covered  with  one-fourth 
of  an  inch  of  soil.  At  least  for  A.  alnifolia,  half- 
shade  during  the  first  year  apparently  is  bene- ficial. 

Table  5. — Amelanchier:  cold  stratification  period,  germination  test  conditions,  and  results 

Cold 
Germination  test  conditions 

Germinative capacity 

Average  Samples 
Species strati- fication 

period ' 

Daily 

light 

perioc 

Medium 
1 

Temperature 
Day       Night 

Dura- 
tion 

energy 
Purity 

Data 

Amount    Time 
source 

Days Hours 
T. 

°F. 

Days 
Percent    Days Percent  Number Percent 

A.  alnifolia... 
180  + 16 

Sand 86 

68 

30 

70 2 22,23 120 0 Sand  or 
blotters. 70 

70 70 50             8 62 

10 

98 10,11 

A.  arborea... -  90-120 
16 

Sand  or 
sand  and 

peat. 

86 68 

54 

2 

93 

22,23 

A.  cana- 
densis 120 1 

A.  florida ''. 
30-90 

16 

"Kimpack" 86 68 

31 

10 

2 

76 

2U 

A.  laevis '.. . 

60  + 
.... Filter 68 68 6-7 61-74 4 8 

paper. 
'  Stratification  was  done  in  a  moist  medium  at  temperatures  between  33°  and  43°  F. 
"In  an  additional  test  on  excised  embryos,  germination  was  82  percent  (2i). 
"In  an  additional  test  on  excised  embryos,  germination  was  95  percent  {8). 

214 



AMELANCHIER 

Figure  4. — Amelanchier  spp. :  seedling  development  at 
3,  5,  and  7  days  after  germination. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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Leguminosae — Legume  family 

AMORPHA  L.  Amorpha,  false  indigo 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence,  and  use. — In  North 
America,  the  false  indigos  include  about  15 
closely  related  species  of  deciduous  shrubs  or 
subshrubs.  Some  species  die  back  almost  to  the 
ground  nearly  every  year.  The  four  most  im- 

portant species  provide  vi^ildlife  food  and  cover, 
and  some  are  useful  for  erosion  control  (table 
1).  Because  of  their  handsome  foliage  and 
flowers,  some  species  also  are  suitable  for  en- 

vironmental planting.  Little  use  is  made  of  the 
various  species  of  Amorpha  at  present.  A.  fruiti- 
cosa  is  the  tallest  species  (table  2)  and  has  been 
grown  for  game  food  plantings.  Three  species 
have  been  planted  for  erosion  control.  At  least 
four  varieties  of  A.  fruticosa  are  recognized, 
and  some  of  these  appear  to  be  geographic  races. 

Flowering  and  fruiting. — The  irregular  per- 
fect flowers  of  false  indigo  are  blue  to  violet 

purple  in  color  and  are  borne  in  the  spring  or 
summer  (table  3).  The  fruit  is  a  short,  indehis- 
cent,  somewhat  curved  and  often  gland-dotted 
pod  containing  one  (or  rarely  two)  small  glossy 
seeds  (figs.  1  and  2).  When  ripe  in  mid-  to  late 
summer,  the  pods  are  light  brown  in  color.  Com- 

mercial seed  usually  consists  of  the  dried  pods. 

Good  seed  crops  of  A.  calif ornica  are  borne 
every  2  years  (X),  and  similar  frequencies  prob- 

ably are  typical  of  the  other  species.  Dispersal, 
mostly  by  animals,  occurs  in  the  fall. 

«^ A.  fruticosa 
indigobush  amorpha 

A.  canescens 
leadplant  amorpha 

'  North  Central  Forest  Exp.  Stn. 

Figure  1.- — Amorpha:  pod  and  seed  of  A.  fruticosa 
(indigobush  amorpha)  and  seed  only  of  A.  cancscois, 
(leadplant  amorpha)  all  at  5  X. 

Table  l. — Amorpha:  nomenclature,  occurrence,  and  uses;  data  compilers 

llgon";r  common  names  Occurrence  Uses^  gf.lh^pS 
A.  californica  Nutt    California  amorpha,  California  coast  range  from        H     .,     P.  C.  Everett  and 

false  indigo,  Sonoma  and  Napa  John  Dourley. 
mock  locust.  Counties  southward 

to  Riverside  County. 
A,  canescens  Vnvsh    Leadplant  amorpha,  Michigan  to  Saskatchewan,         H,  E,  W        Robert  A. 

shoestrings,  south  to  Indiana,  west  to  McQuilkin. 
leadplant.  Arkansas  and  New 

Mexico. 

A.fruticosaL    Indigobush  amorpha,  Pennsylvania  to  Wisconsin,         H,  E,  W    .  Do.         
false  indigo,  south  to  Florida  and  west 
indigo-bush.  to  Louisiana. 

A.  nana  Nutt    Dwarfindigo  amorpha,  Manitoba  and  Saskatchewan       H,  W  K.  R.  Brinkman. 
A.  microphylla  Pursh.  dwarfindigo,  south  to  Iowa  and  New 

fragrant  false  indigo.  Mexico. 

'  H :  habitat  or  food  for  Avildlife,  W :  watershed,  E :  environmental  forestry. 
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Table  2. — Amorpha:   height  and  year  of  first 
cultivation 

Height 
Year  of 

first Data 
Species at maturity 

culti- vation 
sources 

Feet 
A. californica.,- 3-9 16 
A. canescens^ 1-3 1883 

10, 

16 
A.  fruticosa   12-18 1724 

10, 

16 
A. nana     1-3 1811 

10, 

16 

Collection  of  fruits;  extraction  and  storage  of 
seeds, — The  ripe  pods  can  be  stripped  from  the 
branches  and  should  be  spread  out  in  thin  layers 
for  a  few  days  to  permit  superficial  drying. 

Extraction  of  seeds  probably  is  not  necessary, 
as  the  pods  are  usually  one-seeded,  thin  and  soft 
enough  so  that  germination  is  not  inhibited.  If 
desired,  however,  the  seeds  may  be  extracted 
by  flailing  or  beating  the  pods.  Extraction  of  A. 
canescens  appears  to  be  difficult  {H).  Available 
data  on  seed  and  fruit  per  pound  are  given  in 
table  4.  Little  is  known  about  optimum  storage 
conditions.  Seed  of  A.  canescens  stored  for  22 

months  at  41°  F.  followed  by  16  months  at  room 
temperature  showed  little  loss  in  germination 
{12),  and  sealed  storage  at  continuous  low  tem- 

perature probably  would  prolong  viability.  Seed 
of  A.  fruticosa  has  retained  its  viability  3  to  5 
years  at  room  temperature  {lU)- 

Pregermination  treatments  and  germination 
test  results. — No  treatment  is  necessary  for 
fresh  seed  of  A.  calif ornica  (8)  and  probably 
not  for  fall-sown  seed  of  A.  canescens  (7,  11, 

■  '    ■■■■■., 

/ 

—  seedcoat 

I— 

-'         11 
cotyledon 

hypocotyl 
radicle 

Figure    2. — Amorpha    canescens,    leadplant    amorpha: 
exterior  views  of  seed  and  embryo,  20  X . 

12).  Stored  seed  and  that  of  the  other  species 
have  impermeable  seedcoats  and  show  a  high 
percent  of  dormant  seeds.  Germination  of  some 
seed  lots  has  been  improved  by  soaking  the  seed 

Table  3. — Amorpha:    phenology  of  fioivering  and  fruiting 

Species 
Flower- 

ing 

dates 

Fruit 
ripening 
dates 

Seed dispersal 
dates 

Data 

sources 

A.  calif  ornica 
A.  canescens 
A.  fruticosa  ̂ . 
A.  nana 

May-July             July-Sept.  _  .          Aug.-Sept. 
June-Aug.  Aug.-Sept.        Fall 
May-June      August          
May-July        July    July^ 

J,,  8 5,10,15 

5,  15 5,10,15 

Table  4. — Amorpha:  ripe  fruit  and  cleaned  seed  per  pound 

Species 
Ripe  fruit  per  pound Cleaned  seed  per  pound 

Range Average  Samples 
Data Range Average    Samples 

Data 

Number 
A.  calif  ornica 
A.  canescens        88,000-106,000 
A.  fruticosa '^      37,000-  93,000 A. nana           

Number   Number 

96,000 
52,000 
60,000 

11 
11 

11 

Number 
19,500-66,300 

72,000-82,000 

Number 

38,000 
296,000 
77,000 

Number 
5 
1 
2 

13 

12 
12 

'  100  pounds  of  dried  fruit  will  produce  about  60  pounds  of  clean  seed  (11). 
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Table  5. — Amorpha:  germination  test  conditions  and  results 

Species 

Germination  test  conditions Germinative 
energy 

Germinative capacity 

Average  Samples 

Purity 
Daily 

light 

period 

Medium Temperature 
Day    Night 

Dura- 
tion 

Data 

Amount Period 
sources 

Hours 

°  F. 

°F. 

Days 
Percent 

Days 

Percent  Number Percent 

A. calif  ornica Soil„.     5 42 1 8 
A. canescens  - 8 Sand,  soil, 

germinator. 

86 68 15-40 

'79 

14 28 

28 98 

2,3,11, 

12,15 A fruticosa 8 Sand,  soil, 
germinator. 

86 68 15-20 .... .... 63 

16 

97 3,6.9, 11,12,H 

A. nana   ■■   -— Sand,  soil, 
germinator. 

86 
68 =  30-40 

.... .... 70 1 .... 

lU 

^  Two  tests. 

^  Suggested;  little  experimental  data. 

in  hot  v/ater  for  about  10  minutes.  Cold  stratifi- 
cation has  been  used  in  preparation  for  spring 

sowing  in  a  nursery  bed  {lU).  This  cold  treat- 
ment may  reduce  seedcoat  impermeability.  Light 

scarification  of  A.  fruticosa  seed,  or  soaking 
seed  of  both  this  species  and  A.  nana  in  sulfuric 
acid  for  5  to  8  minutes,  are  other  methods  that 
have  been  used  (i^).  Germination  test  con- 

ditions and  results  on  pretreated  seeds  are  in 
table  5.  Germination  is  epigeal  (fig.  3). 

Nursery  practice. — Seed  is  usually  sown  in 
the  fall,  although  it  has  been  spring-sown  after 
stratification  or  other  treatment  to  overcome 
seedcoat  impermeability.  The  seed  may  be  sown 
in  the  pods  in  rows  and  covered  with  about  %  ̂ 
to  y4  inch  of  soil.  Reported  germination  of  A. 
fruticosa  is  45  to  50  percent  {1J^).  One  pound 
of  commercial  seed  of  A.  canescens  has  produced 
about  22,000  usable  plants,  and  of  A.  fruticosa, 
1,000  to  5,600  plants  (H).  The  various  species 
of  Atnorpka  can  also  be  propagated  from  cut- 

ting, layers,  or  suckers  (1). 
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Araliaceae — Ginseng  family 

ARALIA  L.  Aralia 

by  Barton  M.  Blum  ̂  

Growth  habit,  occurrence,  and  uses. — The  ge- 
nus Aralia  is  comprised  of  about  20  species  of 

deciduous  trees,  shrubs,  or  herbs  found  in  North 
America,  Asia,  Malaya,  and  Australia  {J^,  llf). 
The  tree  and  shrub  species  are  spiny  and  the 
herb  species  are  either  spiny  or  smooth 
stemmed.  They  are  used  for  ornamental  pur- 

poses and  wildlife  food,  and  two  species  native 
to  North  America  are  used  for  medicinal  pur- 

poses {1,  3,  U,  9,  12,  13,  llf).  Three  American 
species  have  potential  value  for  planting  (table 
1). 

Flowering  and  fruiting. — The  flowers  of  Ar- 
alia are  polygamous,  white  or  green,  and  occur 

in  umbels  or  panicles  (^,  5).  Flowering  occurs 
from  May  to  September  depending  on  species; 
fruit  matures  in  late  summer  or  fall  (^,  lJl^).  The 
fruit  is  a  small,  berrylike  drupe  containing  two 
to  five  compressed,  crustaceous,  light  reddish 
brown  nutlets  which  are  round,  oblong,  or  egg 
shaped.  Each  nutlet  contains  one  compressed, 
light  brown  seed  with  a  thin  coat  that  adheres 
closely  to  the  fleshy  endosperm   {11)    (figs.   1 

and  2).  The  nutlet  is  the  seed  of  commerce. 
Phenological  data  for  three  species  of  Aralia 
are  given  in  table  2. 

Collection,  extraction  and  storage. — Aralia 
fruits  may  be  collected  when  they  begin  to  fall 
from  the  plants  in  autumn.  The  seeds  are  ripe 
when  the  endocarps  of  the  nutlets  become  hard 
and  brittle,  and  this  ripening  may  occur  some- 

what later  than  the  ripening  of  pulp.  The  fruits 
should  be  run  through  a  macerator,  with  water, 
immediately  after  collecting.  This  will  prevent 

'  Northeastern  Forest  Exp.  Stn. 
Figure  1. — Aralia  spinosa,  devils  walkingstick :  nutlets 

(seeds),  3  X. 

Table  1. — A7-alia:  nomenclature,  occurrence,  growth  habit,  and  height 

Scientific  names Common  names Occurrence 
Year  of 

first 
cultivation 

Growth habit Height  at 
maturity 

Feet 
4.  hispida  Vent. bristly  aralia, 

wild-alder, 
bristly  sarsaparilla, 
dwarfelder. 

Newfoundland  to  North 
Carolina  and  west  to 
Minnesota  and  Indiana. 

1788 shrub  . 
1-3 

A.  nudicaulis  L.   wild  sarsaparilla, 
small  spikenard 

Newfoundland  to  North 
Carolina  and  west  to 1731 shrub   0.7-1.3 

4.  spinosa  L.       ., .     devils-walkinKstick, 
angelica-tree, 
Hercules-club, 

prickly-ash. 

Manitoba  and  Missouri. 
Pennsylvania  to  Florida, 

westward  to  southwest 
Iowa  and  western  Texas. 
Range  extended  by  planting 
in  Massachusetts,  Oregon, 
Washington,  and  western Europe. 

1688 tree     25-30 
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Table  2. — Aralia:  phenology  of  flowering  and  fruiting 

Species 

A.  hispida   
A.  nudicaulis 
A.  spinosa   

Flowering 
dates 

Fruit  ripening 
dates 

Seed  dispersal dates 

Data 

source 

June-July.-      Aug.-Sept.. 
May-June    August   
July-August    Sept.-Oct.-_ 

Aug.-Sept. 
August   
Sept.-Oct. 

U 
U 
u 

r  5m  m 

0 

Figure  2. — Aralia  nudicaulis,  wild  sarsaparilla:  exterior 
views  of  nutlets  in  two  planes  and  longitudinal  sec- 

tion 8  X. 

fermentation  and  enable  the  pulp  and  empty 

seed  to  float  ofi"  or  be  screened  out.  Purity  of 
seed  cleaned  in  this  manner  was  98  percent 
(H),  but  soundness  in  some  lots  has  been  only 
30  to  60  percent  (6).  Small  samples  can  be 
pulped  by  rubbing,  with  water,  between  16- 
mesh  screens.  Numbers  of  cleaned  seeds  per 
pound  are  listed  in  table  3.  Refrigerated  storage 
of  cleaned  seed  in  sealed  containers  is  recom- 

mended (7)  but  the  duration  of  viability  under 
these  conditions  is  not  known. 

Table  3. — Aralia:    cleaned  seeds  per  pound 

Species Range Average     Samples 
Data 
source 

Number        Number  Niimber 

A.  hispida.     _     94,000-  99,000     92,000  2 
A.  nudicaulis.     84,000-111,000     99,000  3 
A.spinosa\...  105,000-157,000  131,000  2 

U 
U 
U 

^  100  pounds  of  fruit  have  yielded  11  pounds  of  seed (U). 

Pregermination  treatments. — Aralia  seed 
have  dormant  embryos,  and  some  species, 
notably  A.  hispida,  appear  to  have  impermeable 
endocarps  (hardseededness)  (8).  There  may  be 
a  combination  of  both  hardseededness  and  em- 

bryo dormancy,  requiring  either  mechanical  or 
chemical  scarification  of  the  seed  coat  in  addition 
to  a  prechilling  treatment  (8).  Seed  dormancy 

in  A.  spinosa  can  be  overcome  satisfactorily  by 
stratification  at  low  temperatures  (l-^).  While 
pretreatment  with  sulphuric  acid  and  stratifica- 

tion at  low  temperatures  will  partially  overcome 
hardseededness  and  embryo  dormancy,  other 
complications  such  as  immature  embryos 
further  hinder  germination  (6).  In  one  study 
seeds  of  A.  nudicanlis  had  34  percent  germina- 

tion in  21-35  days  after  pretreating  for  71  days 
at  low  winter  temperatui'es  in  a  cold  frame. 
However,  in  this  same  study  seeds  of  A.  hispida 
had  only  8  percent  germination  after  exposure 
to  low  temperatures  for  83  days.  Seeds  not  ex- 

posed to  low  temperatures,  on  the  other  hand, 
had  only  3  percent  germination  {10).  Seeds  of 
A.  hispida  were  shown  to  benefit  from  after- 

ripening  at  temperatures  ranging  between  34° 
and  50°  F.  (optimum  41°  F.)  for  90-120  days 
before  planting  in  a  greenhouse  (2). 
Warm  plus  cold  stratification  of  A.  nudicaidis 

brought  about  germination  of  24  percent  (with 
a  potential  germination  of  66  to  92  percent). 

The  seed  was  stratified  for  60  days  at  68°  F. 
(night)  to  86"  (day),  plus  60  days  at  41°,  plus 
60  more  days  at  68°-86°,  plus  60  more  days  at 
41°  F.  Similar  treatment  brought  about  only 
0.5  percent  germination  of  A.  hispida  (H). 
Obviously,  this  species  needs  further  study 
before  fully  satisfactory  seed  treatments  can  be 
developed  (7). 

Nursery  practice. — Heit  (6)  recommends 
treating  small  lots  of  Aralia  seeds  with  sul- 

phuric acid  for  30-40  minutes  and  broadcast 
sowing  in  September.  The  aralias  also  may  be 
propagated  vegetatively. 
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Araucariaceae — Araucaria  family 

ARAUCARIA  (Jussieu)  Araucaria 

by  Gerald  A.  Walters  ^ 

Growth    habit,    occurrence,    and    use. — The 
araucarias,  consisting  of  15  species,  are  ever- 

green coniferous  trees  generally  confined  to  the 
Southern  Hemisphere.  They  are  found  in  South 
America,  Australia,  New  Guinea,  New  Cale- 

donia, New  Hebrides,  and  Norfolk  Island  under 
tropical,  subtropical  and  temperate  climates 
(1,  5,  6). 
The  araucarias  are  noted  for  their  long, 

straight,  clear  boles,  and  symmetrical  crowns; 
many  are  useful  for  timber  and  some  are  culti- 

vated as  ornamental  trees  (7). 

Several  species  have  been  introduced  to  Cali- 
fornia, Florida,  and  Hawaii  (table  1).  Araucaria 

species  are  generally  found  on  sites  at  elevations 
from  sea  level  to  7,000  feet,  with  50  to  100  inches 
of  rainfall,  and  well-drained  soils.  Araucaria 
columnaris  and  A.  heterophylla  have  been 
widely  planted  in  Hawaii  (2,  3).  The  botanical 
identity  of  these  two  species  is  often  confused. 
No  one,  even  visiting  foresters  from  Australia, 

is  absolutely  sure  which  species  is  which.  Re- 
cipients of  araucaria  seeds  shipped  out  of 

Hawaii  should  be  made  aware  of  this  confusion. 

All  data  on  phenology  and  methods  reported 

'  Pacific  Southwest  Forest  and  Range  Exp.  Stn. 

here  are  based  on  information  obtained  from 
the  areas  of  natural  occurrence. 

Flowering  and  fruiting. — Araucaria  species 
generally  begin  to  flower  and  seed  between  the 
age  of  15  to  20  years.  Male  and  female  flowers 
are  generally  found  on  different  parts  of  the 
same  tree.  Male  flowers  usually  appear  at  the 
base  of  the  crown  in  young  trees  and  the  female 
flowers  at  the  top.  As  the  tree  grows  older,  the 
male  and  female  flowers  come  closer  to  each 
other.  Bisexual  flowers  are  also  found.  After 
pollination  the  female  flowers  develop  slowly; 
the  cones  maturing  in  about  2  years  (5).  The 
mature  cones  are  ovoid  or  almost  spherical, 
ranging  in  size  from  4  by  2  inches  (10  by  5  cm.) 
for  A.  cjinninghamii,  to  12  by  8  inches  (30  by 
20  cm.)  for  A.  bidivillii  (5). 

Upon  maturing,  cones  turn  from  green  to 
brown  (4,  5).  Cones  disintegrate  on  the  tree  or 
they  fall  to  the  ground  and  disintegrate.  The 
brown  seeds  are  kite  shaped  and  generally  have 
papery  wings  on  either  side  (figs.  1  and  2). 
Araucaria  seed  may  be  carried  a  short  distance 
from  the  mother  tree  by  wind,  but  generally  the 
seed  falls  within  the  periphery  of  the  crown 
(.5).  The  time  of  flowering,  of  seed  development 
and  dispersal,  and  seed  crop  intervals  for  five 
species  are  given  in  table  2. 

Table  1. — Araucaria:    nomenclature,  occurrence,  and  uses;  data  coynpilers 

Scientific  names 
and  synonyms 

Common  names Growth  habit 
Occurrence 

Chief 

uses ' 

Species compiler Native United 
States 

A.  angustifolia  (Bert.)... 
0.  Kuntze. 

A.  brasiliana  A.  Rich. 

Parana-pine, 
candelabra  tree, 
Brazilian-pine. 

Evergreen  tree  to 
80-120  ft. 

Brazil, 

Argentina, 
Paraguay. 

Hawaii. T 

G. 

Walters. 

A.  hidwillii  Hook.        Bunya-hunya, 
bunya-pine. 

Evergreen  tree  to 
100-140  ft. Queensland, Australia. 

California, Florida, 

Hawaii. TE 

G Nikles. 

A.  coliitniiaris  (Forst.) 
Hook. 

A.  cookii  R.  Br. 

Columnar  auraucaria. 
Cook-pine, 
Cooks  auraucaria. 

Evergreen  tree  to 
200  ft. New  Cale- donia. 

Hawaii, 

Florida. 
TE 

Do. 

.4.  cunninghatnii  Sweet. Hoop-pine, 
colonial-pine, 
Richmond-River- 

Evergreen  tree  to 
200  ft. 

Papua, 

New  Guinea, 
Australia. 

California Florida, 

Hawaii. 

TE Do. 

A.  heterophylla  ^     
(Salisbury)  Franco. 

A.  exceha  R.  Brown. 

pine. Norfolk-Island- 

pine. 

Evergreen  tree  to 
200  ft. 

Norfolk Island, 

Australia. 

Hawaii. 

TE 

G 
.  Nikles, 

J.  Turnbull. 

'  T :  timber  production,  E  :  environmental  forestry. 
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A.  columnaris 
columnar  araucaria 

A.  heterophylla 

Norfolk-lsland-pine 

Figure  1. — Araucaria:  seeds,  1  x. 

Collection,  extraction,  and  storage. — Collec- 
tion of  cones  should  begin  when  the  first  trace 

of  browness  is  observed  on  the  cone.  The  second- 
year  cones  are  generally  picked  from  felled  trees 
(5,  8).  Cone  collection  must  be  timed  correctly 
to  get  the  highest  proportion  of  mature  and 
fertile  seeds.  A  method  for  timing  cone  mature- 
ness  is  to  pick  a  cone  and  measure  the  time  it 
takes  to  disintegrate ;  ripe  cones  spontaneously 
disintegrate  within  7  days.  Collected  cones  are 
spread  on  shelves  in  single  layers  for  drying 
and  should  be  turned  daily.  The  cones  normally 
will  begin  to  disintegrate  within  a  few  days. 
Cones  which  fail  to  disintegrate  within  10  days 
are  discarded,  being  considered  too  immature 
(4,  5).  The  average  number  of  seed  per  pound 
ranges  from  35  for  A.  bidwillii  to  2,000  for  A. 
cunning haviii  (table  3). 

Table  3. — Araucaria:  cleaned  seeds  per  pound 

r35mm Species 
Range       Average   Samples 

Data 

source 

Figure     2. — Araucaria     heterophylla,     Norfolk-lsland- 
pine:  longitudinal  section  through  a  seed,  2  X. 

Number 
A.  angustifoUa 
A.  bidtvillii     .  30-     40 
A.  columnaris  900-1200 
A.cunninghamii     1500-3000 
A.heteroplujlla...    250-280 

Number  Number 
50  .  5 35  3  4 

1000  3  -4 
2000  13  4 
260  3  4 

Araucaria  seeds  have  short  viability  under 
atmospheric  conditions  and  should  be  sown 
within  a  month  of  collection  (5).  If  the  seeds 
cannot  be  sown  immediately  they  should  be 
stored  under  cold,  moist  and  airtight  conditions 

at  a  temperature  of  38°  F.  (5,  8).  Plastic  bags 
are  good  containers  (5).  Seeds  can  be  stored  up 
to  4  to  6  years.  Seeds  should  be  sown  immedi- 

ately after  being  removed  from  cold  storage 
because  they  keep  their  viability  for  only  about  a week  (5). 

Germination. — No  pregermination  treatments 
are  needed  for  araucaria  seed  (4,  5).  Under 

suitable  moisture  and  temperature  (70  to  85° 

Table  2. — Araucaria:  time  of  flotvering,  seed  development  and  dispersal,  and  seed  crop  intervals 

Species 
Flowering 

dates 
Seed  ripening 

dates  " 

Seed  dispersal 

dates  "' 

Seed  crop 

interval 
Data 

source 

A.  angustifoUa       
A.  bidwillii     ...._  Sept.-Oct.  _ 
A.  columnaris   „.    Dec-Jan   
A.  cuyininghamii 

Early  flowering  races  Dec. -Jan. 
Late  flowering  races  April-May 

A.  heterophylla        Sept. 

April-May 
Jan.-Feb. 
Dec.-Feb   

May-August 
Jan.-Feb   
Dec.-Feb   

Dec. 

April 

Dec.     .       .- 

April-May. 

Annually 

1  to  2  yrs. 
3  to  4  yrs. 

4  to  5  yrs. 

3  to  4  yrs. 

'  Information  for  all  species  is  based  on  their  natural  ranges. 
■  Second  year  after  flowering. 
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F.)  conditions,  germination  may  begin  about  10 
days  after  sowing.  Germination  is  delayed  by 
cooler  temperatures,  sometimes  taking  50  days 
or  more  (5).  Seed  quality  varies  from  year  to 
year;  if  sufficient  pollen  is  available  to  the 
parent  trees,  seed  quality  is  generally  good  (^). 

Nursery  practice. — Araucaria  can  be  grown 
under  high  shade  or  low  shade.  For  both  types  of 
shade,  seeds  are  sown  during  spring.  Seeds 
should  be  treated  with  a  fungicide  to  prevent 
damping-off.  With  high  shade,  the  seeds  of  all 
species  except  A.  bidwiUii  are  sown  in  flat-bot- 

tomed drills  about  1/2  inch  deep  and  then  covered 
with  1/2  inch  of  softwood  sawdust  (hardwood 
sawdust  may  be  suitable  if  treated  with  fungi- 
cide). 

Araucaria  bidwilUi  seeds  are  sown  in  drills, 
but  are  handled  differently  than  other  species. 
The  drills  for  A.  bidivilUi  are  3  to  4  inches  deep. 
A  few  months  after  sowing,  "tubers"  (Fvsifonn 
radicle)  are  formed.  The  seedbeds  are  re-dug, 
and  the  tubers  are  collected.  The  tubers  are 
either  planted  directly  into  soil-filled  tubes  or 
stored  at  room  temperature  until  required  for 
tubing.  Exposure  of  the  tubers  to  sunlight 
before  tubing  breaks  their  dormancy,  and  the 
plants  begin  to  grow.  Almost  every  seed  pro- 

duces a  tuber,  and  all  tubers  develop  into  plants 
(-4). 

With  low  shade  the  seed  is  broadcast  sown  on 
well-prepared  nursery  beds  and  covered  with 
about  %  inch  of  sawdust.  The  aim  in  both  types 
of  sowing  is  to  have  a  stocking  of  12-16  plants 
per  square  foot  (4,  .5). 

Newly  sown  beds  should  be  given  full  over- 
head shade  within  several  days  of  sowing.  Best 

shoot  development  occurs  when  the  seedbeds  are 
given  75  percent  shade  for  the  first  few  months 
and  50  percent  shade  for  the  next  3  months 
(except  for  A.  cunninghamii).  Shading  should 
be  removed  in  two  steps  after  this  shading  treat- 

ment to  give  full  exposure  2  weeks  before  tubing 
(potting).  Full  light  is  not  admitted  until  nearly 
1  year  after  sowing  A.  cunninghamii.  When  75 
percent  of  the  seedlings  are  6  to  9  inches  tall, 
the  seedlings  should  be  lifted  and  tubed.  Lifting 
and  tubing  should  be  carefully  done  to  minimize 
damage  to  the  roots.  Tubing  should  be  done 
about  5  months  before  field  planting.  Tubed 
seedlings  should  be  spaced  2  by  8  inches  apart, 
stem  to  stem,  and  should  be  given  full  shade. 
The  shade  should  be  gradually  removed  to  give 
full  sunlight  to  the  seedlings  for  at  least  a  month 
before  transferring  them  to  the  planting  site 
(5).  Tree  percent  is  about  50  to  60.  Seedlings 
are  generally  outplanted  when  2  years  old  (5). 
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Ericaceae — Heath  family 

ARBUTUS  MENZIESII  Pursh 

by  Douglass  F.  Roy  ̂ 

Pacific  madrone 

Growth  habit,  occurrence,  and  use. — Pacific 
madrone  {3,  6,  7,  9),  also  known  as  madroilo, 
strawberry  tree,  and  tree  arbutus  is  one  of 
three  species  of  Arbutus  that  are  native  to  the 
United  States.  It  is  an  evergreen  tree  varying 
in  height  from  25  to  130  feet  and  occurs  in  the 
Pacific  coast  region  from  southwestern  British 
Columbia  to  southern  California.  The  wood  has 
been  used  for  flooring,  cabinet  work,  small  turn- 

ery, and  charcoal.  The  bark  has  been  used  for 
tanning  leather.  {2,  3,  lU,  19).  Foliage  ranks 
from  low  to  moderately  high  in  palatability  for 
grazing  animals  {16,22).  The  attractive  berries 
are  eaten  by  birds,  especially  band-tailed 
pigeons  and  quail.  The  fruits  have  narcotic 
properties  and  the  leaves  are  astringent  {17, 
19,22).  This  species  was  first  cultivated  in  1827 
and  has  been  planted  occasionally  as  an  orna- 

mental in  Europe  and  the  United  States  {10, 
11,  17). 

Flowering  and  fruiting. — The  bisexual  flowers 
are  about  1/5  inch  long,  globular  or  urn-shaped, 
and  are  borne  in  dense  racemes  of  which  several 
are  supported  on  a  thick  and  stiff  main  stem 
about  5  to  6  inches  long.  The  calyx  is  free  of  the 
ovary  and  is  five-parted,  nearly  to  its  base.  The 
corolla  is  white  with  five  lobes  which  are  spread- 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

ing  or  recurved  and  much  shorter  than  the 
swollen  tube.  The  10  stamens  are  shorter  than 
the  corolla.  The  anthers  are  short  and  have  two 
slender,  dorsal  awns.  The  superior  ovary  is 
glandular  and  roughened,  is  seated  on  a  1-lobed 
glandular  disk,  and  terminates  in  a  columnar 
style  which  protrudes  from  the  corolla  to  expose 
an  obscurely  5-lobed  stigma  {8,  13,  lA). 

Fruit  is  a  berry,  %  to  i/o  inch  (8  to  12  mm.) 
in  diameter,  bright  red  or  orange  red  when  ripe 
and  has  a  thin,  rough,  granular  skin  (fig.  1). 

The  generic  name  was  derived  from  "arboise," a  Celtic  word  for  rough  fruit.  The  fruit  has  a 
dry  and  mealy  flesh,  is  generally  5-celled,  and 
is  hard  stoned  with  about  20  hard,  compressed 
or  angled  seeds  (figs.  1  and  2)  {13,  lU,  17). 
Flowering  occurs  during  the  period  March  to 
June  and  fruits  ripen  in  September  and  October. 
Fruits  remain  on  the  trees  until  December. 
Minimum  seed-bearing  age  is  3  to  5  years  and 
fruits  are  abundant  almost  every  year  {1,  8, 
18,22). 

Collection,  extraction,  and  storage. — Berries 
of  Pacific  madrone  may  be  collected  from  stand- 

ing trees  from  October  to  December  {12). 
Berries  can  be  dried  at  room  temperature  or 
seeds  can  be  separated  from  the  pulp  immedi- 

ately after  being  collected.  Fresh  or  dried  fruit 
can  be  soaked  in  water  in  a  warm  place  to 
soften  the  pulp.  Fruits  then  can  be  macerated 

r  2.4 mm. 

Figure  1. — Arbutus  mcnziesii,  Pacific  madrone:  A,  ex- 
terior view  of  fruit,  5  X  ;  and  B,  transverse  section 

of  fruit  showing  its  five  carpels,  5  X. 

Figure  2. — Arbutus  mcnziesii,  Pacific  madrone:  longi- 
tudinal section  through  a  seed  (left)  and  exterior 

view  of  seed  (right),  16  X. 
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and  the  seeds  separated  from  the  pulp  by  flota- 
tion. Seeds  should  be  thoroughly  dried  before 

storage. 
The  dried  berries  or  seeds  can  be  stored  at 

room  temperature  for  1  or  2  years,  but  airtight 
containers,  such  as  sealed  Mason  jars  or  plastic 

bags,  stored  at  35"  to  40°  F.,  are  recommended, 
especially  for  longer  storage  (.5,  12,  21). 

Fresh  berries  picked  in  the  northern  Sierra 
Nevada  numbered  630  to  1,130  per  pound  and 
had  specific  gravities  of  1.050  to  1.082.  Weight 
of  one  bushel  of  these  berries  v^^as  44  pounds 
and  the  yields  of  cleaned  seed  were  1.59  to  1.93 
pounds  per  bushel  of  fruit,  and  3.60  to  4.35 
pounds  per  100  pounds  of  fruit.  The  number  of 
seeds  per  pound  ranged  from  197,000  to  320,000 
{15)  and  the  number  of  seeds  per  berry  varied 
from  10  to  30  {15,  20).  Dried  fruits  from  an  un- 

known source  numbered  2,000  per  pound  {21). 
Germination. — The  fleshy  layer  should  be  re- 

moved from  either  dried  or  fresh  berries  of 
Pacific  madrone  before  a  pregermination  treat- 

ment is  started.  Seeds  must  be  stratified  in  a 

moist  medium  at  33"  to  40°  F.  to  stimulate  ger- 
mination. Required  stratification  periods  have 

varied  from  31  to  93  days  (^,  5,  21),  but  60  days 
probably  is  adequate  for  most  seed  lots  {15). 

In  one  test,  seeds  previously  stratified  for  60 
days  were  germinated  on  moist  blotters  in 

petri  dishes  at  70°  ±  4°  F.  Germinative  capacity 
after  38  days  under  these  conditions  was  94 
percent.  Soundness  of  the  sample  was  97  percent 
{15).  Immersion  of  seeds  in  sulfuric  acid  previ- 

ous to  stratification  did  not  increase  the  ger- 
mination capacity. 

Nursery  practice. — Pacific  madrone  has  been 
propagated  by  germinating  its  seeds  in  flats  and 
transplanting  the  resulting  seedlings  to  individ- 

ual containers.  This  species  has  been  propagated 
vegetatively  by  grafting,  layering,  and  rooting 
of  cuttings  {21). 
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Ericaceae — Heath  family 

ARCTOSTAPHYLOS  Adans. 

by  Arthur  R.  Berg  ̂  

Manzanita 

Growth  habit,  occurrence,  and  use. — Arcto- 
staphylos  includes  about  100  taxa  of  evergreen 
shrubs,  and  occasionally  small  trees.  It  is  native 
to  North  America,  south  to  Central  America, 
and  one  species  (A.  uva-ursi)  is  circumpolar 
(table  1).  The  number  of  species  and  varieties 
varies  according  to  the  authority,  but  in  general, 
there  are  about  50  species  (10, 13).  Some  species 
are  useful  as  wildlife  forage ;  the  fruits  of  others 
are  used  for  preserves  and  fruit  drinks ;  and  the 
leaves  have  medicinal  value  (18). 

Of  the  four  species  considered  here,  A.  uva- 
ursi  is  a  prostrate  shrub  v^^ith  rooting  branches ; 
A.  patula  is  a  spreading,  multibranched  shrub 
3  to  7  feet  high  with  a  basal  burl;  A.  glandnlosa 
is  a  polymorphic  species  that  varies  in  height 
from  4  to  8  feet  and  has  a  basal  burl;  and  A. 
glauca  is  a  large  shrub  or  small  tree  from  6  to 
15  feet  tall  (table  1). 

Like  many  other  manzanitas,  A.  pahda  is  con- 
sidered to  be  a  reasonably  good  winter  forage 

for  deer,  but  only  moderately  good  for  domestic 
livestock  (16).  Other  manzanitas  are  used  as 
forage  only  in  the  first  year  or  two  after  a  fire 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

when  the  new  sprouts  or  seedlings  are  utilized. 
uva-ursi  is  used  in  landscaping  and  in  erosion 
control  planting. 

All  four  species  are  recommended  for  native 
landscaping  in  California,  and  are  apparently 
gaining  wide  use  (5).  These  and  other  man- 

zanita species  could  potentially  be  used  for  re- 
vegetation  of  disturbed  areas  as  erosion  control 
and  dryland  landscaping.  Inability  to  germinate 
seeds  readily  for  direct  seeding  has  hindered  the 
use  of  most  manzanitas,  except  for  intensive 
landscaping. 

Flowering  and  fruiting. — Small  white  or  pink 
perfect  flowers  bloom  in  the  early  winter  to 
spring  (table  2).  The  fruit  is  a  fleshy  or  mealy 
drupe,  0.2  to  0.6  inch  (6  to  15  mm.)  in  diameter, 
which  varies  in  color  from  red  to  red  brown  to 
dark  brown,  depending  on  the  species  (10,  13). 
Other  authors  have  classified  the  fruit  as  a 
berry.  The  fruits  ripen  from  summer  to  fall  and 
have  4  to  10  stony  seeds  which  may  be  separate 
or  variously  coalesced  as  in  A.  uva-ursi,  A. 
patula,  and  A.  glandulosa  (figs.  1  and  2)  or 
united  into  a  single  solid  stone  as  in  A.  glauca. 
The  fruits  are  dispersed  by  birds  and  animals 
from  late  summer  until  the  following  spring. 

Table  1. — Arctostaphylos :  yiomeyiclature,  occurrence,  ayid  uses;  data  compilers 
Scientific  names 
and  synonyms 

Common  names Occurrence 

Uses '         Data  compilers 
       for  the  species 

4.  glandulosa  Eastw. 

A.  glauca  Lindl   
A.  uva-ursi  patula 

Abrams. 

4.  patula  Greene       
A.  uva-ursi  patula 

Abrams. 

4.  uim-ursi  (L.)  Spreng 
A.  uva-U7-si  uva-ursi 

(L.)  Britt. 
Arbutus  uva-ursi  (L.). 

Eastwood  man- 
zanita, crown 

manzanita. 

bigberry  man- zanita. 

greenleaf  man- zanita. 

bearberry, 
kinnikinnick, 
sandberrv. 

A  polymorphic  species  with  some 
forms  occupying  distinct  local 
areas.  Lower  mountains  and  foot- 

hills in  Coast  Ranges  from  Del 
Norte  County  southward  to  moun- 

tains of  southern  California. 
Lower  and  middle  elevations  of 

southern  California  mountains 
northward  to  inner  South  Coast 
Range  and  southward  to  Lower 
California. 

Open  pine  forests,  2,000-.5,000  ft. 
in  Sierra  Nevada  and  in  higher 
inner  North  Coast  Ranges  from 
Lake  County  northward  to  Hum- 

boldt County,  northward  to  Ore- 
gon and  eastward  to  Nevada. 

Labrador  to  Alaska,  south  to  Vir- 
ginia, Illinois,  Nebraska.  In  moun- 

tains to  New  Mexico,  Northern 
California,  north  to  Alaska. 

H,  W,  E    .,   A.  R.  Berg. 

H,  W,  E        A.  R.  Berg. 

H,  W,  E        A.  R.  Berg. 

W,  E,  H        K.  A.  Brinkman. 

^  E  =  environmental  forestry ;  H  =  habitat  or  food  for  wildlife ;  W  =  watershed. 
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Table  2. — Arctostaphylos :  phenology 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 

A.uva-ursi^    California    Mar-May    June-Aug    _      Aug.-Mar    4, 10, 13, 18 
A.patula    midrange      .    Apr.-June    July-Sept.     Aug.-Oct    10, 12, 13, 18 
A.  glauca   do    Feb.-Apr.     Apr.-July     July-Oct          4,10,13 
A.  glandulosa...     do.-     Feb.-Apr."--      -  Apr.-Aug.       Aug.-Nov    4,10,13 

^  Because  of  the  range  of  this  species,  flowering  and  fruiting  dates  may  vary.  Flowering  dates  can  be  found  in local  flora. 

'  Generally  the  last  manzanita  to  flower  at  any  given  location. 

A.  glauca 
bigberry  manzanita 

A.  glandulosa 
Eastwood  manzanita 

A.  pa  til  la 
greenleaf  manzanita 

Figure  1. — Arctostaphylos:  fruits  (drupes)  and  seeds 
(stones),  3  X.  A.  glauca:  bottom  view  (left)  and  top 
view  (right)  of  a  drupe.  A.  glandulosa:  drupe  (left) 
and  coalesced  stones  (right).  A.  patula:  drupe  (left) 
and  partially  coalesced  stones  (right)  plus  two  sep- 

arated stony  seeds. 

In  the  genus  Arctostaphylos ,  inflorescence  de- 
velopment begins  in  summer  and  is  probably 

triggered  in  part  by  summer  moisture  stress.  A 
nascent  inflorescence  develops,  but  remains  in- 

active until  the  fall  rains  start.  Species  along  the 
coast  may  flower  in  late  fall  and  early  winter 
because  of  mild  weather.  Other  species  have 
been  observed  to  flower  earlier  than  normal  in 
the  interior  ranges  during  a  mild  rainy  season 
{6).  Whether  early  flowering  means  early  fruit 
maturation  is  not  known,  but  it  is  best  to  check 
on  the  flowering  dates  of  the  plants  from  which 
seeds  are  to  be  collected,  or  to  collect  during  the 
late  fruit-development  period. 

Collection  of  fruits  and  extraction  of  seeds. — 
Fruit  may  be  collected  by  hand  from  the  plants 

or  picked  up  off"  the  ground.  Seed  fill  may  be checked  before  the  endocarp  hardens  by  cutting 
into  the  fruit. 

Arctostaphylos  uva-ursi  is  bright  red  or  pink 
when  ripe;  A.  glandulosa.  is  red  brown;  A.  pa- 

tula is  dark  brown  to  black;  and  A.  glauca  is 
light  brown  to  dark  brown  (10,  13). 

4.5mnn 

Figure  2. — Arctostaphylos   uva-ursi,  bearberry:   longi- 
tudinal section  through  a  seed,  12   x. 
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Table  3. — Arctostaphylos :  cleaned  seeds  per  pound  and  other  yield  data 

Species Place  of  collection Seed  units Cleaned  seeds 

per  pound 
Samples Data 

source 

A.  uva-ursi '    _    Keweenaw  Co.,  Mich    single  nutlets. 
Seaside,  Ore           
Seaside,  Ore         

A.  patula  -..               
A.  glauca   _.      California        entire  stones  ̂ .. 

          entire  stones  '.. 
A.  glandulosa      __.  California    single  nutlets.. 

            double  nutlets 

Number Number 
58,000 

8,9,1 37,900 
26,800 
18,000 12,18 
1,090 

2,11 
500 

44,000 2 

30,000 
100  lbs.  of  fruit  yielded  12  lbs.  of  seed  (17). 
Number  of  dried  fruits  per  pound  was  1450  to  1700  (18). 
Single  stones  each  contained  4  to  10  nutlets,  but  only  3  to  5  embryos. 

The  outer  fleshy  part  of  the  fruit  may  be 
macerated  and  separated  from  the  nutlets  by 
flotation  or  blowing. 

Seed  counts  per  pound  vary  from  1100  entire 
stones  of  A.  glaiica  (2)  to  58,000  separate  nut- 

lets for  A.  uva-ursi  (table  3)    {18). 

Germination. — Seeds  of  Arctostaphajlos  have 
hard  seedcoats  and  dormant  embryos  so  dor- 

mancy-breaking treatments  are  necessary. 
Treatments  used  on  seeds  of  A.  uva-ursi  were 
immersion  in  sulfuric  acid  followed  by  both 
warm  and  cold  stratification  (table  4).  The  re- 

sulting germination  was  50  percent  or  more 
after  16  days  at  either  diurnally  alternating 

temperatures  of  86^  F.  (day)  and  &?>°  F. 
(night)  or  at  a  constant  temperature  of  77°  F. 
Moisture  holding  media  for  these  tests  were 
sand  {1,  7),  peat  (S),  and  mixtures  of  peat, 
loam,  and  perlite  (15).  The  type  of  medium 

may  have  an  eff'ect  on  the  biological  activity 
within  the  nutlets  during  warm  stratification. 

At  the  basal  end  of  each  nutlet  lies  a  channel 
through  which  the  root  and  hypocotyl  is  forced 

(fig.  2)  when  the  seed  germinates.  This  channel 
is  plugged  by  tissue  that  is  not  as  hard  as  the 
endocarp  wall.  Therefore,  prolonged  exposure 
to  concentrated  sulfuric  acid  must  be  timed  so 
that  it  dissolves  the  plug  but  does  not  damage 
the  embryo  inside. 
Optimum  immersion  time  in  sulfuric  acid 

varies  with  the  species,  the  seed  lot,  and  the 
number  of  coalesced  nutlets  in  a  stone  or  stone 
segment.  Increasing  the  time  in  acid  from  3  to  5 
hours  reduced  the  germination  of  individual 
nutlets  of  A.  uva-ursi  to  from  45  to  0  percent 
but  increased  the  germination  of  coalesced  nut- 

lets slightly  (70  to  75  percent  for  entire  stones) 
(7).  Excessive  time  in  acid  can  be  monitored  by 
breaking  the  stony  endocarp  and  examining  the 
embryo  for  acid  damage. 

Another  successful  technique  consists  of 
burning  a  layer  of  3  to  4  inches  of  pine  needles 
or  excelsior  on  a  flat  which  has  been  sown  with 
manzanita  nuts  (3).  On  the  basis  of  observations 
of  manzanita  nuts  on  the  ground  after  a  wild- 

fire, the  effect  of  burning  may  be  to  crack  the 
hard  endocarp. 

Table  4. — Arctostaphylos :  pre  germination  treatments  and  germination  test  results 

Pregermination  treatments  Germination                          Germinative 

Snecies  Immersion  Stratification           test  conditions   capacity       Data 

^                        time  in           Warm         Cold  Temperature         y.       ..           .            , .     rp    .           source 
  H.SO.           period'      period  ̂   Day-        Night ^      Duration      Amount       Tests   

Hours             Days          Days  °F.             °F.            Days           Percent    Number 
A.  uva-ursi         3  to  6           60-120         60-90  86               68                      16         30-50             5                 1,7 
A.  uva-ursi                 6                   60               60  77               77                      16               61             1                 8 
A.  glauca       6  to  15                     0                 0  86               68            120-240             3-5             1+             15 
A.  glandulosa       4  to  15                     0                 0  86               68            120-240             3-8             1+             15 
A.  patula                4                     0             120  86               68                      60               20             1                 H 

'  Temperatures  same  as  for  germination  tests. =  41°  Y. 
-  8  hours. 
*  16  hours. 
'^  Percentages  are  usually  based  on  the  number  of  seed  units  regardless  of  the  number  of  coalesced  nutlets  in  a unit. 
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Figure  3. — Arctostaphylos  patula,  greenleaf  manzanita: 
seedling  at  1  month,  actual  size. 

Nursery  practice. — Good  germination  has 
been  obtained  in  some  cases  by  soaking  stone 
segments  in  acid  for  2  to  5  hours  and  sowing 
them  in  the  ground  in  early  summer.  The  seeds 
germinate  the  following  spring.  Seedbeds  should 
be  mulched  over  winter  (7). 

In  southern  California,  seedlings  (fig.  3) 
grown  in  flats  in  the  greenhouse  are  transferred 
to  pots  or  cans  until  established,  then  planted 
in  the  ground  during  fall. 

Manzanitas  are  easier  to  propagate  from 
cuttings  than  from  seeds,  hence,  most  botanic 
gardens  prefer  to  propagate  them  vegetatively 
(3,  5,  6).  Also,  they  show  a  high  degree  of  hy- 

bridization in  some  localities,  so  it  is  desirable 
to  propagate  them  from  rooted  cuttings  to  main- 

tain desired  forms  (5). 
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Rosaceae — Rose  family 

ARONIA  Med.  Ghokeberry 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge  ̂  

Growth    habit,    occurrence,    and    use. — The 
chokeberries  discussed  here  are  three  closely 
related  species  of  deciduous  shrubs.  Black 
chokeberry  is  small,  1.5-3  feet  tall.  The  red  and 
purple  fruited  species  are  medium  sized,  10-13 
feet  tall.  All  three  species  hybridize  readily  and 
may  be  difficult  to  distinguish.  Red  and  purple 
chokeberry  are  practically  identical  ecologically 
(16)  and  the  only  satisfactory  way  to  distin- 

guish between  them  is  by  the  color  of  their  ripe 
fruit.  Both  species  have  pubescence  on  younger 
branches,  leaf  stems,  and  lower  leaf  surfaces. 
In  contrast,  black  chokeberry  is  smooth,  or  has 
only  a  few  scattered  hairs,  on  these  parts  (6). 
The  combined  ranges  of  the  three  species  in- 

clude most  of  the  eastern  States  and  southern 
parts  of  the  adjacent  provinces  (table  1).  All 
species  are  moderately  tolerant  of  shading  and 
prefer  moist  soils,  which  usually  are  acidic.  The 
most  likely  habitats  are  bogs  and  swamps,  low 
woods,  clearings,  and  damp  pine  barrens.  How- 

ever, each  species  will  tolerate  drier  conditions, 
and  black  chokeberry  is  better  adapted  than  the 
others  to  growth  in  drier  thickets  or  clearings 
on  bluffs  or  cliffs  (5,  6).  All  are  valuable  as  food 
sources  for  wildlife  in  fall  and  winter  (7).  Their 

'  Northeastern  Forest  Exp.  Stn. 

handsome  foliage,  flowers,  and  fruits  also  make 
them  attractive  as  ornamentals,  but  none  has 
been  cultivated  extensively.  Red  and  black 
chokeberry  were  first  cultivated  about  270  years 
ago  (11). 

Flowering  and  fruiting. — The  white,  bisexual 
flowers  bloom  for  2-3  months  during  March- 
July,  the  local  flowering  period  depending  on 
latitude  and  elevation.  Fruit  ripening  dates  are 
similarly  dependent  and  range  from  August  to 
November  (table  2).  Fruit  drop  from  the  plants 
begins  shortly  after  ripening  and  may  continue 
through  the  winter  and  spring.  The  fruits  are 
rather  dry,  berrylike  pomes  (fig.  1)  containing 
1-5  seeds  (fig.  2),  some  of  which  may  be  abor- 

tive. Natural  seed  dispersal  is  chiefly  by  animals. 
Black  chokeberry  fruits  shrivel  soon  after 
ripening  and  most  of  them  drop.  Purple  choke- 
berries  shrivel  at  the  beginning  of  winter 
whereas  pomes  of  the  red-fruited  species  remain 
plump  and  bright  into  the  winter.  Red  choke- 

berry (color  plate)  may  yield  fruit  first  at  2 
years  of  age  (13)  and  produces  good  seed  crops 
almost  every  year.  Black  chokeberry  yields  a 
good  crop  about  every  second  year  (15). 

Collection  of  fruits. — If  loss  to  birds  is  a  haz- 
ard, fruits  should  be  handpicked  as  soon  as  they 

ripen.  Otherwise,  they  should  be  picked  within 
a  month  or  so.  The  delay  should  be  least  with 

Table  1. — Aronia:  nomenclature,  occurrence,  and  height  at  maturity 

Scientific  names  and  synonyms Common  names Occurrence 

.  arhutifolia  (L.)  Elliott      
Pyrus  arhutifolia  (L. )  L.f. 
Sorbus  arhutifolia  (L.)  Heynh. 
Mespilus  arbutifolia  ert/throcarpa 

Mich. 
.  melanocarpa  (Michx.)  Elliott   
A.  nigra  Dipp. 
Pyrus  melanocarpa  (Michx.) 

Willd. 
Pyrus  melanocarpa  Gray. 
Sorbus  melanocarpa  Heynh. 

.  pnitiifolia  (Marsh.)  Rehd   
A.  atropurpurea  Britt. 
A.  floribunda.  Lindl. 
Sorbus  arbutifolia  atro- 

purpurea Schneid. 
Pyrus  prunifolia  Steud. 

red  chokeberry. 

black  chokeberry, 

gueles  noires. 

purple  chokeberry. 

Nova  Scotia  to  southern  On- 
tario and  south  to  Florida  and 

eastern  Texas. 

Newfoundland  to  Minnesota 
and  south  to  Tennessee  and 
South  Carolina. 

Newfoundland  to  Ontario  and 
south  to  Indiana  and  Vir- 

ginia. 

Height 

Feet 
3-13 

1.5-3 
3-13 
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Table  2. — Aronia:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates Fruit  ripen- ing dates 

A.arbutifolia        Tex    Mar.-Apr.       Oct.-Nov. W.  Va. 
North 

A.  melanocarpa        South 
North 
W.  Va. 

A.  prunifolia               

Mar-May    Sept.-Oct.- 
Apr-July    Sept.-Nov.. 
Mar.-June            August      _ 
Apr.-July             Aug.-Oct.  - 
June     Sept. -Oct. 
Apr.-July        Aug.-Oct. 

Data 

source 

5 
16 
5 
2 
9 

cotyledons 
hypocotyl radicle 

Figure  1. — Aronia  arbutifolia,  red  chokeberry:  leaf  and 
'    cluster  of  fruits  (pomes),  1    X. 

Figure  2. — Aronia  melanocarpa,  black  chokeberry:  ex- 
terior views  of  seed,  longitudinal  section  and  trans- 

verse section;  all  at  16   X. 

black  chokeberries  and  can  be  longest  with  the 
red-fruited  species. 

Extraction  and  storage  of  seeds. — Commer- 
cial seed  usually  consists  of  the  dried  pomes  or 

"dried  berries"  as  usually  listed  in  seed  cata- 
logues. Although  seed  extraction  and  cleaning 

may  be  impractical  on  a  large  scale,  small  quan- 
tities of  seeds  can  be  extracted  by  rubbing  fresh 

or  presoaked  fruits  over  screens  and  floating 
ofl"  the  debris  (9).  A  kitchen  blender  is  useful  for 
extracting  seeds  from  several  kinds  of  berries 
including  those  of  Ribes,  Rnbns,  Sambucus,  and 
Vacciniimi  (10).  The  blender  may  be  effective 
also  on  fruits  of  Aronia.  The  scanty  information 
available  on  seed  yields  is  shown  in  table  3.  No 
data  was  found  on  longevity  of  seeds,  but  they 
should  be  dried  before  storage  (3). 

Pregermination  treatments. — Chokeberry 
seeds  have  an  internal  dormancy  that  has  been 

Table  3. — Aronia:  seeds  per  pound  and  other  yield  data 

Species 
Dried  ponies 
per  pound 

Seed  yield  per 
100  pounds  of 
dried  pomes 

Cleaned seed  per 

pound 

Soundness 
Data 
soUiCe 

I.  arbutifolia   
L.  melanocarpa. 

Number 
7355 

Pounds 
4 
8 

Number 
256,000 

'  276,000 
Percent 

70 
96 

14,15 
Range  was  219,000  to  356,000  seeds  per  pound  {15). 
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Table  4. — Aronia:  cold  stratification  periods,  germination  test  conditions  and  residts 

Cold  strati-              Germination  test  conditions   Germinative  capacity  pata 
Species                       ncation                  Temperature                  ^                      j^ai,a. 

period        pa^   Night       Duration          Amount          Samples  source 
Days  °F.  °F.  Days  Percent  Number 

A.  arbutifolia               90                 68                     68                     30                      94                       4  4 

A.  melanocarpa       90-120                 86                     68                     30                    '22                       4  15 
A.prunifolia               60                 68                     68                     30                      96                       2  ^ 

'  Average  potential  germination  was  52  percent  (15). 

broken  by  stratification  in  a  moist  medium  at 

temperatures  between  32°  and  41°  F.  A  higher 
stratification  temperature,  50°  F.,  also  was 
effective  on  seeds  of  purple  chokeberry  (^). 
Optimum  duration  of  the  cold  treatment  varied 
with  the  species  (table  4). 

Germination  tests, — Tests  of  stratified  seed 
have  been  run  in  mixtures  of  soil,  sand,  and  peat 
for  30  days,  at  diurnally  alternating  tempera- 

tures of  86°  (day)  and  68°  (night)  or  at  a 
steady  68°-70°  F.  Germination  started  after 
about  8  days  and  was  virtually  complete  in  20- 
30  days  (4).  Germinative  capacity  of  seeds  strat- 

ified as  recommended  here  were  mostly  in  the 
90-100  percent  range  (table  4)  (^).  Germina- 

tion of  unstratified  seed  was  quite  low,  0-15 
percent,  in  tests  which  extended  into  a  second 
year  (1).  Germination  is  epigeal. 

Nursery  practice. — In  some  nurseries  the 
dried  fruits  have  been  soaked  in  water  for  a  few 
days,  mashed,  and  then  the  whole  mass  strati- 

fied until  spring.  Limiting  the  stratification 
period  to  60  days  for  purple,  90  days  for  red, 
and  120  days  for  black  chokeberry  may  increase 
germinative  capacities.  The  recommended  sow- 

ing depth  is  %  inch  (12).  Germination  mostly 
takes  place  within  a  few  days  after  sowing.  As 
a  rule  of  thumb,  one  pound  of  cleaned  seed  may 
yield  about  10,000  usable  plants  (16).  Outplant- 
ing  may  be  done  with  2-year  old  seedlings  (12). 

Literature  Cited 

(1)  Adams,  John. 
1927.  The  germination  of  the  seeds  of  some 

plants  with  fleshy  fruits.  Am.  Bot.  15(8): 
415-428. 

(2)  Amnions,  Nelle. 

1950.  Shrubs  of  West  Virginia.  W.  Va.  Univ. 
Bui.  50,  No.  12-4,  127  p. 

(3)  Chadwick,  L.  C. 

1935.  Practices  in  propagation  by  seeds — 
stratification  treatment  for  many  species 
of  woody  plants  described  in  fourth  article 
of  series.  Am.  Nurseryman  62(12):  3-9. 

(4)  Crocker,  W.,  and  Barton,  L.  V. 
1931.  After-ripening  and  storage  of  certain 

roseaceous  seeds.  Contrib:  Boyce  Thompson 
Inst.  3:  385-404. 

(5)  Fernald.  Merritt  Lyndon. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1632  p. 
American  Book  Company,  New  York. 

(6)  Gleason,  Henry  A. 
1963.  The  new  Britton  and  Brown  illustrated 

flora  of  the  Northeastern  United  States  and 

adjacent  Canada.  3  volumes.  Hafner  Pub- 
lishing Co.,  Inc.,  New  York. 

(7)  Hosely,  Neil  W. 
1938.  Woody  plants  used  by  wildlife  in  the 
Northeastern  United  States.  PhD  thesis. 
409  p.  Univ.  Mich. 

(8)  McDonald,  E.  E. 
1960.  Fruiting  trees.  Texas  Game  and  Fish 

18(5):  9. 
(9)  Mahlstede,  John  P.,  and  Maber,  Ernest  S. 

1957.  Plant  Propagation.  413  p.  John  Wiley 
and  Sons,  Inc.,  New  York. 

(10)  Morrow,  E.  B.,  Darrow,  G.  M.,  and  Scott,  D.  H. 
1954.  A  quick  method  of  cleaning  berry  seed 

for  breeders.  Am.  Soc.  Hortic.  Sci.  Proc. 
63:    265. 

(11)  Rehder,  Alfred. 
1940.  Manual  of  cultivated  trees  and  shrubs. 

Ed.  2,  996  p.  The  Macmillan  Co.,  New  York, 
(12)  Sheat,  Wilfrid  G. 

1948.  Propagation  of  trees,  shrubs  and  conv 
fers.  479  p.  MacMillan  and  Co.,  London. 

(13)  Spinner,  G.  P.,  and  Ostrum,  G.  F. 
1945.  First  fruiting  of  woody  food  plants  in 

Connecticut.  J.  Wildl.  Manage.  9(1):  79, 
(14)  Swingle.  Charles  F.  (compiler). 

1939.  Seed  propagation  of  trees,  shrubs  and 
forbs  for  conservation  planting.  SCS-TP-I 
27,  187  p.  USDA  Soil  Conserv.  Serv.,  Wash., D.C. 

(15)  USDA  Forest  Service. 

1948.  Woody-plant  seed  manual.  U.S.  Dep, 
Agric.  Misc.  Publ.  654,  416  p. 

(16)  Van  Dersal,  William  R. 
1938.    Native    woody    plants    of    the    Unitei 

States:    their    erosion-control    and    wildlifi 
values.    U.S.   Dep.   Agric.   Misc.    Publ.   303,j 362  p. 

234 



ARTEMISIA 

Compositae — Composite  family 

ARTEMISIA  L.  Sagebrush 

by  Glenn  H.  Deitschman  ^ 

Growth  habit,  occurrence,  and  use. — Many 
species  of  Artemisia  are  highly  variable,  so 
while  more  than  100  species  have  been  credited 
to  North  America,  the  correct  number  probably 
should  be  less  than  50  (6).  The  two  species  con- 

sidered here,  A.  tridentata  and  A.  arhnscida,  are 
3vergreen  shrubs  that  are  widely  distributed  in 
the  western  United  States  (table  1).  Their  wide- 

spread occurrence  and  abundance  make  them 
important  browse  species  although  their  palat- 
ability  to  livestock  and  big  game  usually  ranks 
rather  low  {9,  15).  Because  these  aggressive 
shrubs  quickly  establish  a  good  ground  cover, 
bhey  are  also  used  as  soil  stabilizers  on  suitable 

;ites.  A.  tride)itata  exhibits  a  great  deal  of  geo- 
graphical variability  in  height  (li  o  to  15  feet), 

jalatability,  seed  production,  and  resistance  to 
nsect  attacks  (9)  ;  a  number  of  subspecies  have 
)een  recorded  by  different  authors  (1,  3,  5,  7). 

A.  arhuscula,  a  low-growing  shrub  that  ranges 

"rom  1 /o  to  2  feet  in  height,  also  exhibits  wide 
variability.  Two  varieties,  which  may  be  sub- 
ipecies,  have  been  recognized  {6,  7)  ;  one  (var. 
trbuscida)  typically  is  more  extremely  western 
\n  occurrence  than  the  other  (var.  nova).  A. 
ridentata  was  introduced   into  cultivation   as 

^  Intermountain  Forest  and  Rangre  Exp.  Stn. 

early  as  1894  (12),  but  A.  arbnseida  apparently 
was  not  cultivated  until  1940  {11). 

Flowering  and  fruiting. — The  yellow  to 
brownish  flowers  are  borne  in  3-  to  8-flowered 
heads  in  a  spikelike  (A.  arhiuscnla)  or  open  (A. 
tridentata)  panicle  (6, 13).  Flowering  can  occur 
as  early  as  July  or  as  late  as  September  {1,  6, 
10,  13).  As  the  fruit,  an  achene,  ripens,  it 
generally  changes  from  a  light  brown  to  a 
darker  brown  or  black  (10,  H).  Usually,  fruit 
ripens  and  is  dispersed  about  a  month  or  two 
after  flowering.  The  minimum  age  of  the  shrubs 
for  fruit  production  is  about  2  years  for  A. 
arbiisciiJa  and  2  to  4  years  for  A.  tridentata 

(10).  Good  crops  occur  frequently,  often  an- 
nually, and  seldom  more  than  2  or  3  years 

apart  (11). 
Seed  collection,  cleaning,  and  storage. — Sage- 

i)ru.sh  "seed"  (achenes)  (figs.  1  and  2)  can  be 
shaken  or  hand-stripped  into  shoulder  hoppers, 
baskets,  or  sacks.  If  dry,  the  seed  is  best  har- 

vested by  beating  the  bushes  with  a  club  (9).  A 
vacuum  seed  harvester  developed  by  the  USD  A 
Forest  Service  promises  to  provide  a  more  effi- 

cient technique  on  suitable  sites.  Seed  ordinarily 
are  collected  in  the  fall  or  early  winter;  how- 

ever, on  some  lowland  sites,  A.  tridentata  seeds 
may  not  be  ripe  enough  to  harvest  until  January 
(9).    Of  ten-times,    hammermilling    alone    ade- 

Table  1. — Artemisia:  nomenclature  and  occurrence;  data,  compilers 
Scientific  names 
and  synonyms 

.  tridentata  Nutt   
A.  vaseijana  Rydb. 
A.  tridentata  ssp. 

typica  Hall  and  Clem. 
.  arbuscula  var. 

j       arbuscula 
I  A.  tridentata  ssp. 

arbuscula  Hall  and  Clem. 
A.  tridentata  var. 

I      arhuscula  McMinn. 
'.  arbuscula  var. 

nova  (A.  Nels).  Cronq. 
A.  nova  (A.  Nels). 
A.  tridentata  ssp. 

nova  Hall  and  Clem. 
A.  tridentata  var. 

nova  McMinn. 

Common  names Occurrence Data  compilers 
for  the  species 

big  sagebrush, 
blue  sagebrush, 
basin  sagebrush. 

low  sagebrush, 
scabland  sagebrush, 
dark  sagebrush, 
little  sagebrush. 

black  sagebrush, 
little  black  sagebrush, 
small  sagebrush. 

British  Columbia  southeast 
to  North  Dakota  and 
south  to  New  Mexico 
and  lower  California. 

Washington  to  California, 
becoming  less  common 
eastward  to  Wyoming 
and  Colorado. 

Montana  west  to  Idaho, 
south  to  New  Mexico 
and  Arizona. 

Stephen  B.  Monsen 
and  A.  Perry  Plummer. 

Justin  G.  Smith. 

Stephen  B.  Monsen 
and  A.  Perry  Plummer. 
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A.  arbuscula  var.  arbuscula 
low  sagebrush 

A.  arbuscula  var.  nova 

black  sagebrush 

A.  tridentata 

big  sagebrush 

Figure  1. — Artemesia:  achenes  (cleaned  seeds),  8  x. 

■2mm 

LO 

Figure  2. — Artemesia  arbuscula  var.  nova,  black  sage-| 
brush:  longitudinal  section  through  an  achene,  30  X. 

quately  prepares  the  seed — at  least  for  drill- 
ing— but  fanning  and  screening  may  be  desir- 

able to  reduce  impurities.  Seed  yields  are 
summarized  in  tables  2  and  3.  A  purity  of  10 
percent  and  a  viability  of  80  percent  are  con- 

sidered acceptable  by  the  Utah  State  Division 
of  Fish  and  Game  {9,  10).  Seed  with  8-  to  12- 
percent  moisture  content  has  maintained  good 
viability  for  2  years  v^^hen  stored  in  cloth  or 
burlap  sacks  or  metal  containers  in  unheated 
warehouses  {9,  10). 

Germination. — Seeds  germinate  naturally  at 
relatively  cool  temperatures ;  some  germination 
has  been  observed  to  occur  even  under  snow 

{10).  Laboratory  tests  have  shown  that  opti- 
mum temperatures  for  germination  ranged 

from  62°  to  64°  F.  (^).  Moist  stratification  of 
fresh  seed  for  10  days  at  36°  F.  increased  the 
rate  and  amount  of  germination.  Also,  seed 
exposed  to  light  germinated  faster  than  that 
kept  in  the  dark.  Another  study  (S)  indicates 
that  good  germination  can  be  obtained  at  room 
temperatures  from  unstratified  seed  on  moist 

Table  2. — Artemisia: seed  yields 

Species 

Weight  of  a 
bushel  of 

uncleaned  seed 

Yield  of  cleaned 

seed  per  bushel 
of  uncleaned  seed 

Yield  of  cleaned 
seed  per  100  pounds 
of  uncleaned  seed 

Moisture 
content 

Data 

source 

A.  trideyitata   
A.  arbuscula..   

var.  nova 

pounds 7-10 
5-8 

pounds 
pounds 

7-12 
7-10 

percent 

8-12 5-12 
10 

Table  3. — Artemisia:  cleaned  seed  per  pound  and  soundness 

Species 
Cleaned  seed  per  pound 

Soundness 

Data           1 

Range Average 
Samples source          | 

A.  tridentata          
A.  arbuscula 

var.  arbuscula     

var.  nova   

Number 

   2,383,000-3,238,000 

       891,000-1,055,000 

825,000-    965,000 

Number 

2,466,000 

972,000 
986,000 
907,000 

Number 

50 

'9 '7 

10 

Percent 

95 

89 
95 5 

'  Samples  were  taken  from  a  single  lot. 
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Table  4. — Artemisia:  gennination  test  conditions  and  results 

Seed 
source 

Test  conditions Germir lative 
gy 

Germinative capacity 
Data 

Species Medium Tempera- ture 
Dura- tion 

ener 

Amount Period 
Average 

Samples source 

°F. 

Days 
Percent 

Days 
Percent Number 

1.  trklentata Utah   -  Moist 32-38 
100 

80 

40 

85 2 10 

1.  arhuscula 
var.  arbuscula^ 

var.  nova 

Oregon 

Oregon 
Oregon 
Utah 

paper. Wet 
blotter. 

Kimpak 
Kimpak 
Moist 

paper. 

72 

-  '  68-86 
' 68-86 

38-38 

17 

26 

31 100 

53 

70 

68 

90 

10 

8 
13 
60 

60 

^76 

■■72 

85 

1 

1 

'1 

25 

U 

2 

10 

'Alternating  68°-86°  F.  (16  and  8  hours,  respectively),    with  light  during  the  8-hour  period. 
"  Full-seed  germination  was  85  percent. 
^  Full-seed  germination  was  82  percent. 
*  The  7  samples  were  taken  from  the  same  lot. 

Dlotting  paper.  For  A.  arhuscula  var.  nova,  stra- 
ification  between  moist  papers  at  32°  to  38°  F. 
i'or  about  10  days  has  been  found  to  stimulate 
jnore  rapid  germination  (5).  On  the  other  hand, 
iio  improvement  resulted  from  soaking  seed  of 
%.  arhuscula  var.  arhuscula  in  water  for  25 
purs  (2).  The  results  of  some  germination 
ests  run  with  unstratified  seed  are  summarized 
jn  table  4. 
!  Nursery  and  field  practice. — Seed  should  be 
Sown  on  the  nursery  beds  during  the  fall  or 
Hnter  and  at  a  rate  that  will  produce  about  50 
eedlings  per  square  foot.  The  seed  should  be 
overed  with  i/j.  inch  of  soil  and  a  light  straw 
lulch.  Plant  percents  in  Utah  have  ranged  from 
0  to  75  (10).  One-  and  2-year-old  seedlings 
hould  be  field-planted  early  in  the  spring;  fall 
jlantings  have  not  been  successful  (.9).  It  has 
teen  recommended  that  prepared  sites  in  Utah 
le  seeded  throughout  the  late  fall  and  winter 
10).  If  seeding  must  be  done  in  the  spring, 
gratification  may  be  of  benefit. 
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Annonaceae — Annona  or  custard-apple  family 

ASIMINA  Adans.  Pawpaw 

by  F.  T.  Bonner  i  and  L.  K.  Halls  ̂  

Growth  habit  and  use. — Of  the  nine  species 
of  the  genus  Asimina,  seed  data  are  available 
for  two  (table  1).  Both  form  shrubs  or  small, 
deciduous  trees  {2).  Their  fruits  provide  food 
for  wildlife. 

Flowering  and  fruiting. — Pawpaw  flowers  are 
solitary,  perfect,  and  greenish  purple.  They 
appear  in  the  spring  during  March  to  May  about 
the  same  time  as  the  leaves.  The  fruits  are 
fleshy  berries  that  contain  several  dark  brown, 
shiny  seeds  (fig.  1).  A.  triloba  fruits  are  5  to  17 
cm.  (2  to  7  inches)  long,  while  those  of  A. 
parviflora  are  only  1.9  to  5  cm.  (%  to  2  inches) 
long  (2).  Both  fruits  are  greenish  yellow  before 
maturity  and  turn  brown  to  black  as  they  ripen 
in  August  and  September.  The  fleshy  part  of 
the  fruit  is  considered  edible,  but  there  appear 
to  be  two  different  fruit  types.  Those  with  white 
flesh  are  barely  edible,  while  others  are  larger 
and  have  a  yellowish  or  orange  flesh  with  a 
much  better  taste  (1).  The  seeds  themselves  are 
oblong,  rounded,  flat,  and  bony  (figs.  1  and  2). 

Collection  and  extraction.^ — Asimijta  fruits 
should  be  picked  or  shaken  from  the  trees  as 
soon  as  the  flesh  is  soft.  The  seeds  may  be  ex- 

tracted by  macerating  the  fruits  in  water  and 
floating  oflF  the  pulp,  but  the  entire  fruit  may 
be  sown  (1).  Seed  yield,  purity,  and  soundness 
are  as  follows  (1,  2) : 

A.  parvi-  A.  tri- 
flora  loba 

Cleaned  seeds  per  100  pounds  of 
fruit                                  pounds             ....  11 

Cleaned  seeds  per  pound     number         1300  697 
Purity    ...                percent             98  100 
Sound  seeds                do            94  96 

Germination. — Germination  is  usually  very 
slow  because  seeds  have  dormant  embryos,  and 
seadcoats  are  slowly  permeable.  Moist  stratifica- 

tion for  60  days  at  41°  F.  resulted  in  germina- 
tive  capacities  of  50,  62,  and  82  percent  for  three 
samples  of  A.  triloba  seeds  {1).  Stratification 
for  100  days  has  been  recommended,  but  ger- 

mination still  may  be  slow  and  irregular.  Fall 
sowing  of  untreated  seeds  does  not  improve 
results  {1).  No  specific  test  conditions  have  been 

reported,  but  alternating  temperatures  of  86°  F. 

'  Southern  Forest  Exp.  Stn. 
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during  the  day  and  68°  F.  at  night  on  a  moist 
medium  have  been  satisfactory  for  many  species. 

Nursery  practice. — Aswiina  seeds  may  be 
sown  in  the  fall  without  pretreatment,  or  strati- 

fied and  sown  in  the  spring.  Seeds  should  be 

i 
A.  parviflora smal  If  lower  pawpaw 

A.   triloba 

pawpaw 

Figure  1. — Asimina:  fruits  and  seeds,  1  X. 
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Table  1. — Asyninia:  nomenclature,  occurrence,  and  size 

Scientific  names Common  names Occurrence Height  at maturity 

A.  parviflora  (Michx.)  Dunal 

A.  triloba  (L. )  Dunal 

small  flower  pawpaw,  small 

fruited  pawpaw,  small  custard- 
apple,  dwarf  pawpaw. 

pawpaw,  custard-apple, 
common  pawpaw. 

Texas  east  to  Florida  and 
north  to  Virginia. 

Texas,  Arkansas  east  to  Florida; 
north  to  New  York,  Michigan, 
and  Nebraska. 

Feet 12 
40 

seedcodt 

endosperm 

otyledons 

-hypocotyl 

radicle 

riGURE  2. — Asimina  parviflora,  small  flower  pawpaw: 
Longitudinal   section   through  a   seed,   4x. 

covered  three-fourths  of  an  inch  deep.  Some 
shade  is  helpful  to  germinating  seedlings  (fig. 
3).  Another  method  is  to  plant  fresh  seeds, 
before  they  dry,  in  pots  of  sand  and  then  to 
keep  them  in  a  cool  cellar  or  similar  place.  As 
the  seeds  sprout,  they  can  be  picked  out  and 
transplanted  into  nursery  beds.  Asiynina  can 
also  be  propagated  by  layering  and  root  cuttings 
[1).  There  are  many  horticultural  varieties  (2). 

KLJ:^^ljA 
'\-5^ 

-2=^- 

C  lil--^
" 

/■ 

^. 

'
\
 

Figure   3. — Asimina   triloba,   pawpaw:    seedling   devel- 
ment  at  2,  9,  and  about  20  days  after  germination. 
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AT  RIP  LEX 

Chenopodiaceae — Goosefoot  family 

A  TRIPLEX  L.  Saltbush 

by  Marvin  W.  Foiles  ̂  

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Atriplex  contains  well  over  100  species  of 

shrubs  and  herbaceous  plants,  vv^idely  distrib- 
uted but  most  abundant  in  the  arid  regions  of 

western  North  America  (5).  They  occur  on  a 
variety  of  soils,  both  saline  and  alkaline.  How- 

ever, some  grow  in  fairly  neutral  soil.  The  four 
shrub  species  considered  here  (table  1)  are 
valuable  browse  plants,  particularly  in  desert  or 
semi-desert  areas. 

A.  canescens  has  been  extensively  used  for 
the  stabilization  of  roadsides,  but  the  principal 
use  has  been  to  improve  the  browse  on  game  and 
livestock  ranges  (11).  Medium  in  size,  this 
shrub  at  maturity  averages  about  5  feet  in 
height,  but  may  range  from  2  to  7  feet  in  height, 
depending  on  ecotype  and  site.  A.  confertifolia, 
A.  nuttalUi,  and  A.  polycarpa  are  smaller,  aver- 

aging 2  to  4  feet  in  height  at  maturity.  All  of 
the  species  were  first  cultivated  during  the 
period  between  1870  and  1894  except  A.  poly- 

carpa which  apparently  had  not  been  cultivated 
before  1966  (2,  H).  Flowering,  fruiting,  and 
growth  characteristics  can  vary  greatly,  and  a 
number  of  climatic  or  geographic  strains  have 
been  recognized  and  described  (5,  8).  In  propa- 

gating A.  canescens.  it  has  been  found  important 
to  plant  a  strain  that  is  adapted  to  the  site  (11). 
A.  nuttallii  is  one  of  several  closely  related 
species  that  some  taxonomists  regard  as  a  sub- 

'  Intermountain  Forest  and  Range  Exp.  Stn. 

species  of  A.  gardneri  (5).  Other  taxonomists 
describe  several  varieties  of  A.  nuttallii  (3,  5). 

Flowering  and  fruiting. — The  tan  to  greenish- 
yellow  flowers  are  commonly  dioecious,  some- 

times monoecious  in  A.  canesceyis,  and  are  borne 
in  panicles  or  short  spikes  (5).  Flowering 
begins  as  early  as  May  and  may  continue  to  July, 
depending  on  elevation,  latitude,  and  ecotype. 
The  fruit,  a  utricle  (figs.  1  and  2),  is  dispersed 
by  wind  and  gravity  over  a  prolonged  period 
that  can  extend  from  late  fall  to  the  following 
May  (table  2).  Saltbush  plants  ordinarily  start 
bearing  seed  at  2  to  4  years  of  age,  but  1-year- 
old  A.  canescens  and  A.  polycarpa  plants  have 
produced  seed  (2,  18).  Good  seed  crops  may 
occur  every  year  on  some  sites,  but  climatic 
factors  and  insects  generally  cause  wide  fluctu- 

ations in  seed  production  from  year  to  year.  In 
cultivated  stands,  much  of  the  variation  en- 

countered in  wildland  stands  has  been  elimi- 
nated. 

Seed  collection  and  cleaning. — Fully  mature! 
fruit  (commonly  referred  to  as  the  seed)  can 
be  shaken  or  hand-stripped  from  the  branches 
and  collected  in  bags  or  baskets,  or  on  a  canvas 
spread  around  the  bush.  Collections  also  have 
been  successfully  made  with  a  new  vacuum  seed] 
harvester  developed  by  the  USDA  Forest  Serv-I 
ice  (9, 18).  The  seeds  are  ordinarily  collected  inj 
late  fall  or  early  winter,  but  they  often  remainj 
on  the  bushes  until  April,   so  later  collecting 
dates  are  possible  (11,  18).  It  is  not  unusual  to 

Table  1. — Atriplex:   nomenclature,  occurrence,  and  uses ;  data  compilers 
Scientific  names Common Occurrence Data  compilers 
and  synonyms names for  the  species 

A canescens  (Pursh)  Nutt   
CaUigaynim  canescens  Pursh. 
Atriplex  occidentalis  D.  Dietr. 

.     fourwing  saltbush, 
chamiza,  wingscale, 
shadscale. 

Eastern  Washington  and 
Oregon,  east/to  Alberta 
and  South  Dkkota,  and 
south  to  Mexico. 

H.  W.  Springfield, 
A.  Perry  Plummer, 
Kent  R.  Jorgensen, 
and  Eamor  C.  Nord. 

A confertifolia  (Terr,  and 
Prem.)  Wats. 

A.  siibconferta  Rydb. 

shadscale  saltbush, 
spring:  saltbush, saltsage. 

Southwestern  Oregon,  east 
to  Wyoming,  and  south 
to  northern  Mexico  and 
eastern  California. 

A.  Perry  Plummer  and 
Kent  R.  Jorgensen. 

A nuttallii  Wats     __ ._.  Nuttall  saltbush   —  Alberta,  east  to  Sas- 
katchewan, and  south  to 

Idaho,  Utah,  and 
Colorado. 

A.  Perry  Plummer  and 
Kent  R.  Jorgensen. 

A. polycarpa  (Torr.)  S.  Wats   .    cattle  saltbush, 
cattle  spinach, 
desert  saltbush. 

Southern  California  and 
Nevada, east  to  south- 

western Utah  and 
southern  Arizona,  south 
to  Mexico. 

N.  J.  Chatterton  and 
H.  W.  Springfield. 
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Table  2. — Atriplex:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 

1.  canescens        May-July    Oct.       Oct.-April 
California    July        Nov.-Dec    Dec-Jan.  _ 

i.  confertifolia  Utah        June-July    Oct.-Nov    Dec-May. 
4.  nuttallii    Utah        Nov.-Dec     -  Jan.-May_ 

\.pohjcarpa              California.      May-August        Oct.-Dec.  Nov.-May 

Data 

source 

18,19 8 
13 

12 
2 

ATRIPLEX 

V 

"1 

A.  canescens 
fourwing  saltbush 

!>*« 

/ 

A.  confertifolia 
shadscale  saltbush 

J^f^       ̂ ^ 

A.  nuttallii 
Nuttall  saltbush 

Figure  1. — Atriplex :  fruits  (utricles) ,  2  x  . 

Figure  2. — Atriplex  semibaccata,  Australian  saltbush: 
utricle,  16  X. 

find  1-  and  2-year-old  fruits  on  some  bushes. 
Fruits  are  usually  hammer-milled  to  reduce  bulk 
and  to  facilitate  handling  and  planting.  Based 
on  9  samples,  100  pounds  of  untreated  fruits  of 
A.  canescens  were  reduced  by  hammer  milling 
to  43  pounds  (1).  Seeds  of  A.  semibaccata  (fig. 
3)  can  be  separated  from  their  utricles.  Cleaning 
in  a  fanning  mill  helps  remove  chaff  and  other 
debris  and  does  not  reduce  germination  (18). 
Some  estimates  of  seed  numbers  per  pound  are 
summarized  in  table  3.  In  collections  from  some 
wildland  stands,  only  a  low  percentage  of  the 
seed  are  filled,  whereas  collections  from  other 
stands  will  contain  more  than  75  percent  filled 
seed.  In  collections  from  cultivated  stands,  fill 
is  usually  in  excess  of  70  percent  (13). 

Table  3. — Atriplex:  cleaned  seeds  per  pound  and  soundness 

^P^"^^    Range        " Number 

canescens  (dewinged)       13,000-148,000 
canescens  imtSiCt)         9,000-  50,000 
confertifolia       29,500-126,000 
nuttallii    100,000-119,000 
pobjcarpa...      357,000-622,600 

Cleaned  seeds  per  pound Average Samples Soundness 
Data 

source 
Number 

52,000 
23,000 
65,000 111,500 

490,000 

Number 
40 

15  + 

20 
10 

Percent 
51 

35 
45 
45 

13,16 

16,21 9 
6 

2,7 
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[2  mm. 

/"TO 

O 

pericarp 
seedcoat 

peri  sperm 

cotyledons 

hypocotyl 

radicle 

Figure  3. — Atriplex  semibaccata,  Australian  saltbush: 
exterior  views  in  two  planes  of  achenes  removed  from 
their  utricles  and  a  longitudinal  section  through  an 
achene,  16  X. 

Seed  storage. — Seed  with  6-  to  8-percent  mois- 
ture content  can  be  stored  in  cloth  bags  in  un- 

heated  warehouses  for  6  or  7  years  with  little 
loss  in  viability  (18,  21).  Special  storage  con- 

ditions, such  as  sealed  containers,  refrigeration, 
or  freezing,  are  not  necessary;  in  fact,  A.  poly- 
carpa  seed  stored  in  sealed  or  airtight  containers 
at  room  temperatures  suffered  a  drastic  decline 
in  germination  (7). 

Germination. — Seeds  of  most  saltbush  species 
undergo  afterripening.  This  process  appears  to 
take  about  3  months  for  A.  nuttallii,  6  months 
for  A.  confertifolia,  and  10  months  for  A.  canes- 

cens  (13,  18).  Various  treatments,  including 
scarification,  stratification,  chemical  treatments, 
and  soaking  in  water,  have  been  tried  in  at- 

tempts to  increase  germination  of  A.  canescens 
seeds.  None  of  these  treatments  proved  con- 

sistently effective  (18).  The  seeds  usually  ger- 
minate best  at  relatively  low  temperatures. 

Germination  is  epigeal.  Several  studies  in  the 
Southwest  indicate  that  constant  temperatures 

in  the  range  55°  to  75°  F.  are  appropriate  for 
laboratory  germination  tests  (^,  15,  18).  Stain- 

ing of  the  embryos  using  0.2  percent  concentra- 
tion of  tetrazolium  chloride  has  been  found  use- 

ful for  estimating  their  viability.  The  results  of 
some  representative  germination  tests  are 
shown  in  table  4. 

Nursery  and  field  practice. — High  density 
stands  of  A.  canescens  have  been  obtained  in  the 
nursery  by  broadcast  sowing  the  seed  fairly 
thickly,  covering  it  with  %  inch  of  soil  and  Vi 
inch  of  sifted  sand,  and  then  rolling  the  seedbed 
(21 ) .  In  more  recent  work,  seed  has  been  planted 
at  i/o-inch  depth  to  obtain  densities  of  10  to  12 
seedlings  per  square  foot  (1,  19).  The  seedlings 
are  highly  susceptible  to  damping-off  during  the 
first  2  weeks  of  their  life  (21),  especially  in  cool 
and  moist  environments.  Seedbeds  should  be  left 
unshaded  and  should  be  protected  against  birds 
and  rodents  which  relish  the  seed. 

Aerial  seeding  followed  by  chaining  to  cover 
the  seeds  is  most  commonly  used  to  establish 
saltbush  on  the  range,  but  drilling  also  has  been 
widely  used  (.9,  13).  The  best  time  for  sowing 
depends  on  the  amount  and  seasonal  distribution 
of  precipitftion.  In  the  Southwest,  suitable  soil 
moisture  and  temperature  for  establishment 
occur-during  spring  and  summer  (18).  In  Colo- 

rado, spring  plantings  also  have  been  success- 
ful (i).  In  Utah,  late  fall  or  winter  planting  is 

the  general  rule  so  germinating  seeds  can  take 
advantage  of  good  soil  moisture  after  snowmelt 
in  the  spring  (9,  11).  Seed  never  should  be 
covered  by  more  than  1  inch  of  soil ;  14  inch  or 
slightly  less  is  best.  Rates  of  4  to  8  pounds  per 
acre  of  dewinged  seed  or  8  to  15  pounds  per  acre 

Table  4. — Atriplex:  germinatioyi  tests  conditions  and  results 

Species Seed  source 
Germination  test  conditions 

Germir ative 

g.V 

Germinative capacity Data 

Medium       ̂ T^Pf''" Dura- 

ener 
tion Amount Period 

Average 

Samples 
source 

"  F. 

Days 
Percent 

Days 
Percent Nu7nber 

A. canescens   New  Mexico.- _  Vermiculite             65 30 68 6 94 4 
17,18 do    

Kimpak '                  60 
34 

54 11 70 1 20 
Utah Moist  paper      32-38 

50 

48 

20 53 2 

13 

California  .  . Petri  dish           65-75 30 22 5 

44 

3 6 
A. confertifolia Utah         .     . Moist  paper      32-38 

1460 
12 365 

25 

4 10         . 
A. nuttallii   do        .     . do                  32-38 150 28 

60 36 

4 10         1 
A. polycarpa   .  California Petri  dish           68 30 55 

10 55 

6 9                 1 

'  Seed  was  pretreated  by  stratification  in  moist  sphagnum  at  40°  F.  for  30  days. 
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>f  winged  seed  are  recommended  for  range 
)lantings.  Mulching  usually  has  improved  seed- 

ing establishment  {18).  Seedling  emergence 
fig.  4)  normally  begins  within  6  to  20  days; 
t  may  be  complete  within  12  to  30  days  if 
emperatures  are  favorable. 
Successful  establishment  of  fourwing  salt- 

)ush  has  been  achieved  using  greenhouse  seed- 
ings,  1-  to  2-year-old  nursery  stock,  or  wildings 
vhen  transplanting  was  done  during  3  weeks  or 
aore  of  good  soil  moisture  (.75). 
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Compositae — Composite  family 

BACCHARIS  U Baccharis 

by  David  F.  Olson,  Jr.i 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Baccharis  is  composed  of  about  250  species 

of  deciduous  or  evergreen  shrubs  and  herbs 
native  to  North  and  South  America  {11).  Some 
species  are  used  as  ornamentals,  some  for 
erosion  control,  and  some  for  medicinal  purposes 
{13).  Baccharis  plants  are  of  poor  forage  value 
and  some  are  poisonous  to  livestock.  B.  ipihdaris 
var.  pilularis  has  a  special  use  in  southern  Cali- 

fornia as  a  fire  protection  plant  {8).  There  are 
23  species  of  Baccharis  native  to  the  United 
States,  and  16  of  these  are  found  in  the  far  West. 
Only  four  taxons  are  considered  here  (table  1). 
B.  pilularis  var.  pilularis,  dwarf  baccharis,  is  a 

'  Southeastern  Forest  Exp.  Stn. 

low  evergreen  shrub,  i/o  to  1  foot  high.  B.  pil- 
ularis var.  consau guinea,  kidneywort  baccharis, 

is  an  erect  shrub,  ranging  in  height  from  4  to  18 
feet.  B.  viminea,  mulefat  baccharis,  is  also  an 
erect  evergreen  shrub,  ranging  in  height  from 
4  to  12  feet.  B.  angustifolia,  is  a  small  evergreen 
shrub  from  2  to  8  feet  high. 

Flowering  and  fruiting. — The  white  or  yellow- 
ish male  and  female  flowers,  borne  separately 

on  different  plants,  are  in  heads  which  occur  in 
clusters.  The  female  flowers  develop  into  com- 

pressed, usually  10-ribbed  achenes,  tipped  by  a 
pappus  of  bristly  hairs  i/o  inch  long  or  less  \ 
(figs.  1  and  2).  Achenes  are  dispersed  by  wind 
soon  after  ripening  (table  2).  Seed  crops  are 
borne  annually. 

Table  1. — Baccharis:  nomenclature,  occurrence,  anduses;  data  compilers 

Scientific  names  and 
  synonyms   

Common  names Occurrence 

Uses^ 

Data  compilers 
for  the  species 

B.  angustifolia  Michx.   

B.  pilularis  DC.  var.  pilularis 

B,  pilularis  var.  consanguinea 
(DC.)  Ktze. 

B.  consanguiyiea  DC. 
B.  congesta  DC. 

narrowleaf  baccharis, 
false  willow. 

dwarf  baccharis,  dwarf 
chapparal  broom. 

kidneywort  baccharis, 
chapparal  broom, 
coyote  brush. 

B.  viminea  DC    mulefat  baccharis 

North  Carolina  to  Florida  to 
Texas  (12). 

California,  Russian  River  in 
Sonoma  Co.  to  Point  Sur, 
Monterey  Co.  (1). 

Oregon  to  southern  Cali- fornia, in  coast  ranges, 
0  to  2,000  ft. ;  foothills  of 
central  Sierra  Nevada; 
islands  off  coast  of  south- 

ern California  (7). 

Central  and  southern  Cali- 
fornia, warm  coastal  val- 

leys and  flood  beds  of 
streams  in  the  Sierra 
Nevada  foothills  (7). 

H,  E 
H,  W,  E 

H,  W,  E 

R.  L.  Barnes. 

R.  L.  Hubbard. 

R.  L.  Hubbard, 

J.  R.  McBride. 

H,  W.  E        R.  L.  Hubbard. 

'  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 

Table  2. — Baccharis:  phenology  of  flowering  and  fruiting I Species 

B.  angustifolia   
B.  pilularis 

var.  pilularis   
var.  consanguinea  _ 

B.  viyninea   

Flowering 
dates 

Fruit  ripening 
dates 

Seed  dispersal dates Data 

source 
Sept.-Oct.         Sept.-Oct. Oct. 

July-Oct      Sept.-Nov      Fall     
Aug.-Oct.    Nov.-Dec        Nov.-Dec. 
May-July      May-July    May-July.. 

10 

7,13 

5 
9 
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2  X 

20  X 

(CURE  1. — Baccharis  angusti  folia,  narrowleaf  bac- 
charis:  top,  achenes  with  pappus,  2  x  ;  and  bottom, 
iwith  pappus  removed,  20  X. 

Collection  of  fruits;  extraction  and  storage  of 
seds. — The  ripe  fruits  of  Baccharis  are  col- 
Icted  by  hand  or  by  brushing  them  onto  cloth 
(•  plastic  sheets  spread  beneath  the  shrubs.  The 
iuits  should  be  spread  out  to  dry  in  a  warm, 
Aell-ventilated  room,  or  in  the  sun,  protected 
iom  the  wind.  When  dried,  the  fruits  may  be 
iibbed  between  the  hands,  or  treated  in  bulk  to 
imove  the  pappus.  Sometimes  the  entire  fruits 

r2mnn,^l 

L.O pericarp seed  coat 

coly ledonb 

hypocotyl radicle 

■WMii^' 

Figure  2.— Baccharis  viminea,  mulefat  baccharis:  left, 
achene  with  pappus;  right,  longitudinal  section 
through  an  achene,  22    X. 

are  used  without  removing  the  pappus.  The 
number  of  fruits  per  pound  for  B.  pilularis  is 
approximately  82,000  (one  sample)  ;  for  B.  vimi- 

nea, approximately  50,000  (one  sample)  {13). 
Cleaned  seed  of  Baccharis  can  be  stored  di'y  at 
35°  to  40°  F.  in  airtight  containers  (5).  Num- 

bers of  cleaned  seeds  per  pound  determined  from 
one  sample  of  each  taxon  are  as  follows : 

B.  angustifolia 

B.  pilularis 
var.  pilularis 
var.   consangumea 

B.  I'iminea 

2.268,000  (2) 

8,200,000  (9) 
3,780,000  (5) 
5,000,000  (9) 

Germination  tests. — Tests  have  been  com- 
pleted in  15  to  30  days  at  diurnally  alternating 

temperatures  of  86°  and  68°  F.  (table  3).  No 
pregermination  treatments  are  needed  {3,  5,9). 

Nursery  practice. — Seeds  may  be  sown  in  the 
fall  or  early  spring  in  flats  or  seedbeds  using  a 
sandy  soil  mixture,  or  one  of  the  vermiculite, 

Table  8. — Baccharis:  germination  test  conditions  and  resulting  germinative  capacity 

Germination  test  conditions 

Species Medium Temperature 

Day 

Night 

     Germinative  capacity 
Duration       Average  Samples 

Data 
source 

angustifolia   
Epilnlaris 

'ar.  pihilaris   

j'ar.  consanguinea Bpiminea     

Kimpak 

Moist  paper 

60 

86 
59-77 

86 

60 
68 

45-77 
68 

Days 
55 

15-30 

30 15-30 

Percent 

21 

92 
40-54 
75-82 

N  timber 

2 

1 
28 

3 

9 
5,6 

9,13 
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perlite,  or  sphagnum  moss  seeding  media  (4). 
Seeds  usually  germinate  within  7  to  15  days. 
Plants  large  enough  for  4-inch  pots  can  be  taken 
from  outside  seedbeds  within  4  months  (4) 
(fig.  3). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Abranis,  L.,  and  Ferris,  R.  F. 
1960.  Illustrated  flora  of  the  Pacific  States. 

Vol.  IV.  Stanford  Univ.  Press,  Stanford, 
Calif. 

(2)  Brender,  E.  V. 
Data  filed  1970.  USDA  Forest  Serv.,  South- 

east. Forest  Exp.  Stn.,  Macon,  Ga. 
(3)  Emery,  Dara. 

1964.  Seed  propagation  of  native  California 
plants.  Leaflets  of  the  Santa  Barbara  Bo- 

tanic Garden.  Vol.  1,  No.  10. 
(4)  Everett,  P.  C. 

1957.  A  summary  of  the  culture  of  California 
plants  at  the  Rancho  Santa  Ana  Botanic 
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No.  5,  42  p. 
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Figure  3. — Baccharis  pilularis  var.  consanguinea,  kid 
neywort  baccharis:  seedling  development  60  days 
after  germination. 
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Berberidaceae — Barberry  family 

BERBERIS  L.  Barberry,  mahonia 

by  Paul  O.  Rudolf  ' 

Growth  habit,  occurrence,  and  use. — The  bar- 
jerries  include  about  280  species  of  evergreen 
)r  deciduous,  spiny  or  unarmed  shrubs  (rarely 
;mall  trees)  native  to  Asia,  Europe,  North 
Vfrica,  and  North,  Central,  and  South  America 
13).  Some  authorities  place  about  90  of  these 
species  (all  evergreen,  unarmed  plants)  in  a 
j;eparate  genus,  Mahonia  (13).  Because  of  their 
jiandsome  foliage  and  often  attractive  flowers 
ir  fruits,  many  of  the  barberries  are  grown  for 

'  North  Central  Forest  Exp.  Stn. 

ornamental  purposes  (2,  26).  The  barberries 
also  are  of  value  for  wildlife  food  and  cover  and 
some  for  erosion  control  planting.  The  majority 
of  the  barberries  are  susceptible  to  the  black 
stem  rust  of  wheat  (26),  which  restricts  their 
use.  A  yellow  dye  can  be  obtained  from  barberry 
roots,  and  the  plants  contain  an  alkaloid,  ber- 
berine,  used  for  medicinal  purposes  in  some 
places  (3Jt).  Nine  species  that  have  potential 
value  for  conservation  planting  are  listed  in 
table  1.  Some  interspecific  hybrids  are  known, 
such  as  those  between  B.  thvnhergii  and  B.  vul- 

Table  1. — Berberis:    nomoiclatvre,  occurrence,  cmd  uses;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

.  aquifoUum  Pursh. 
Mahon ia  a quifo I ht  m 

(Pursh.)  Nutt. 
Odostemon  aqidfoUus 

(Pursh.)  Rydb. 
.  fretnonlii  Torr. 
Mahonia  fremontii 

(Torr.)  Fedde. 
Odostemon  fremontii 

(Torr.)  Abrams. 

.  haeiiiatocarpa  Woot. 
Mahonia  haematocarpa 

(Woot.)  Fedde. 
.Odostemon  haematocar- 

pus  (Woot.)  Heller. 
.  koreaua  Palib.       
.  nervosa  Pursh   
Mahonia  nervosa  Nutt. 
Odostemon  nervosus 

j      Rydb. 

I  nevinii  Gray      
Mahonia  nevinii 

(Gray)  Fedde. 
Odostemon  nevinii 

(Gray)  Abrams. 
I  repens  Lindl. 
Mahonia  repens 

(Lindl.)  G.  Don. 
Odostemon  repens 

(Lindl.)  Cockerell. 
thunbergii  D.C. 
B.  sinensis  K.  Koch 

not  Desf . 
B.  japonica  Hort. 
vulgaris  L   

Oregon-grape,  tall 
Oregon-grape. 

Fremont  barberry, 
desert  barberry, 
holly-grape,  desert 
mahonia,  Fremont 
mahonia. 

red  barberry, 
red  holly-grape, 
red  mahonia, 
algerita. 

Korean  barberry 
Cascades  barberry. 

Cascades  mahonia, 
long-leaved  Oregon- 
grape,  dwarf 
Oregon-grape. 

Nevin  barberry, 
Nevin  mahonia, 
Nevin  holly-grape. 

creeping  barberry, 
low  Oregon-grape, 
creeping  mahonia. 

Japanese  barberry 

European  barberry 

British  Columbia  to  Alberta, 
south  to  western  Montana, 
western  Idaho,  through  Wash- 

ington and  Oregon  to  Cali- fornia. 
Extreme  western  Texas,  New 

Mexico,  Arizona,  California, 
Colorado,  Utah,  and  Nevada 
at  4,000  to  7,000  ft.,  and  in 
Baja  California  and  Sonora, 
Mexico. 

Dry,  sunny  sites  up  to  4,400  feet 
in  western  Texas,  Colorado, 
New  Mexico,  Arizona,  and 
adjacent  Mexico. 

Korea 
British  Columbia  south  to  central 

California,  mainly  west  of  Cas- 
cades in  Oregon  and  Wash- 

ington, east  to  northern  Idaho. 

H,  E 

H,  E 

H.E 

H,  E 
H,  W,  E 

E.  L.  Mowat. 

Paul  O.  Rudolf. 

California          H,  W 

Montana  to  British  Columbia, 
south  to  New  Mexico  and 
California,  including  western 
South  Dakota. 

H,  W 

Japan        H,  E 

Europe,  up  to  5,000  feet  in  the 
Alps. H,  W 

Do. 

Do. 

E.  L.  Mowat. 

Paul  O.  Rudolf. 

John  F.  Thilenius 
and  E.  Chester 
Garrett. 

Paul  0.  Rudolf. 

Do. 

'  H :  habitat  or  food  for  wildlife,  W :  watershed,  E :  environmental  forestry. 
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garis  (B.  ottawensis  Schneid.),  and  B.  thun- 
hergii  and  B.  julianae  {26).  Species  having 
marked  resistance  to  the  black  stem  rust  of 
wheat  are  B.  aquifolium,  B.  koreana,  B.  nervosa, 
B.  repens,  and  B.  thunhergii  (26,  33). 

Flowering  and  fruiting. — The  perfect  yellow 
flowers  are  borne  in  the  spring  in  clusters,  in 
spikes,  or  individually,  depending  on  the  species 
{26).  The  fruit  (fig.  1)  is  a  berry  with  one  to 
several  seeds  (figs.  2  and  3).  Good  fruit  crops 
are  borne  almost  annually  and  ripen  in  the  sum- 

mer and  fall  (table  2).  Seeds  are  dispersed  by 
birds  and  mammals  {31,  5^).  Color  of  ripe  fruit 
and  other  species  characteristics  are  listed  in 
table  3. 

0 

L- 

1mm. 

Figure    1. — Berberis    nervosa,    Cascades    barberry:    a         Figure  2. — Berberis  aquifolium,   Oregon-grape:    seeds, 
spike  of  berries,  1   X.  10  x. 

Table  2. — Berberis:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates ' 

Data 

B.  aquifolium    Mineral  Co.,  Mont.  (3200  ft.)  and 
Jackson  Co.,  Ore.  (2250  ft.). 

Late  April  to 
early  May. 

March  to  May 

B.  fremontii        Texas,  northeastern  U.S        May  to  June   
Utah,  Calif.             May  to  June       

B.  haematocarpus    Texas,  southwestern  U.S      Spring       
B.  koreana      Northeastern  U.S.,  Carver  Co.,  May  to  early  June 

Minn. 
B.  nervosa        Clackamas  Co.,  Ore.  (300  ft.)    Early  April   

Jackson  Co.,  Ore.  (3250  ft.)      Mid-May   
             April  to  June   

B.nevinii      California                 .       March  to  May   
B.  repens         Black  Hills,  S.  Dak.  (6000  ft.)    May  to  June 
       April  to  May 

B.  thunbergii    Japan  _    ._   .__      April  to  June 
Southeastern  U.S.            March  to  April 
Northeastern  U.S.  and  Germany  May  to  June     ._ 

B.  vulgaris       Northeastern  U.S.,  western  Europe        April  to  June 

Late  July  to  30 early  Aug. 

Sept.  to  Oct    16,33 
Aug.  to  Sept    26, 3i. 
July  to  Aug    16,23 
June  to  Aug    31,34 
Sept.  to  Oct    2,27 

Mid-August    19 
Late  August    19 
July  to  Aug      16,  33 
June.     16,17 
June  to  July   ..  5 
Aug.  to  Sept    23,  33 
Oct.           1,22 
May  to  Sept.    2^ 
Sept.  to  Nov    13,26,37 
Sept.  to  Oct    IJ,,  21,26,  35,  37 

'  Fruits  of  B.  koreana,  B.  thunberghii,  and  B.  vulgaris  often  remain  on  bushes  over  winter. 
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Collection  of  fruit;  extraction  and  storage  of 
seed. — Ripe  barberry  fruits  may  be  picked  by 
using  heavy  hand  gloves,  or  they  may  be  flailed 
onto  cloths  or  receptacles  spread  beneath  the 

bushes.  The  ripe  fruits  may  be  run  through  a 
mecerator  with  water  and  the  pulp  then  screened 
out  or  floated  off".  The  seeds  should  then  be  dried 
superficially  and  either  sown   immediately  or 

Table  3. — Berberis:  height,  groivth  habit,  and  color  of  ripe  frtiit 

Species 
Height Year  of 

at first 
naturity cultivation 

Growth  habit Color  of 

ripe  fruit 

Feet 

B.  aquifolium        2-10 
B.  fremontii    3-15 
B.  haematocarpa    3-12 
B.  koreana    3-6 
B.  nervosa      1-6 
B.  nevinii    3-6 
B.  repens    1-8 
B.  tlmnbergii    3-8 
H.  vulgaris    4-7 

1823          Evergreen 
1895         do   
1916        do 
1905     Deciduous 
1822    Evergreen 
          do 
1822             do 
About  1864  Deciduous 
Long  cultivated  do 

Data 
source 

Deep  glaucous  blue  26 
Bluish  black      26,3If 
Blood  red     26,  SJ, 
Bright  red    26  (color  plate). 
Deep  glaucous  blue  -    26  (color  plate). 
Yellowish  red  to  deep  red  16 
Purple  _       5,10,16 
Bright  red     56  (color  plate). 
Scarlet  to  purple         26 

Table  4. — Berberis:  cleaned  seeds  per  pound  and  other  ijield  data 

Species 
Place  of 
collection 

Fruits Seeds 

ner         P^''
  ̂^^ 

bushel       P;^"<^.t      ..     ., of  fruit    of  fruit 

Seeds 

per 

bushel 

Cleaned  seeds  per  pound 

Range Average     Samples 

Data source 

3.  aquifoliu7n 

3.  fremontii   
3.  hae7natocarpa 
3.  koreana    .:   
3.  nervosa^  _. 

?.  nevinii    
?.  repens  ^ 

thunbergii 
?.  vulgaris. 

Jackson,  Co., 
Oregon. 

Pacific  Northwest 
Utah           

Carver  Co.,  Minn. .. 
Clackamas,  Co., 

Oregon. 
Pacific  Northwest  ^ 
California 
Basin,  Mont.,  Utah 
U.S. 
U.S. 

Pounds 
34 

30 
43 

16  to  25 

Pounds    Pounds 
8  3 

9 
7 

12 

Number 

38,000-43,000 

38,000-38,000 

.54,000-71,000 
25,000-37,000 
34,000-41,000 

Number     Number 

33,000  1  20 

41,000 
42,000 

103,000 
38,000 

23,000 

30,000 
57,000 
62,000 

29,000- 
38,000 

2 

1  + 

1 
2 
1 

2 
1 
2 

5  + 

2 

23 
28 
27 

20 
17 

23,29 

l,U,ll,2h. 

h,28 

'  Berries  without  stems.  Data  for  other  species  are  for  berries  with  stems. 

1 Cold 

strati- 
fication 

period  ' 

Germination  test  conditions Germinative Germinative 
capacity 

Aver-       Sam- 
age          pies 

-  Purity 

Sound- 

ness Species 

Daily 

light 

period 

.,    ,.                    Temperature Mpriiiim 

Day        Night 
Dura- 
tion 

energy 
Data 

Amount   Period sources 

Table  5. — Berberis:  stratification  periods,  germination  test  conditions,  and  residts 
Germinative  Germinative 
energy  capacity 

^    _     .    ,      Aver-       Sam- mount    Period 
age  pies 

„  „  „ii  „ip  r,  P^^-         r.  Pf^i"-        Num.-        Per-         Per- Days         Hours  "r .  "f .  Days  ^         Days cent  cent  ber  cent         cent 

aquifolium         90  8       Sand  or  86         68         30         22         12         25  1         95         99         25,28,31,32 

perlite. 
fremontii. ...         0  .            _  _  85  2-f     90         90+     28,34 
koreana         60         16       Sand  or  60         60         20         64  6         88  1         97         95         32 

perlite. nevinii         90         ._  _       Soil  flats         ....         ....         95         ....         ....         77  1         ...  17 

repens    =196  Wet  paper      70         70         10       '62       150       =74  1         90  ..         15,23 
thunbergii..        90  Wet  paper    '75       '55         40            90  4         93         95         4,9,28 or  sand. 

vulgaris         40         .  Wet  paper    '75       ̂ 55         40         ....         ....         91  2+  96         4,8,18 or  sand. 

^  Cold  stratification  temperatures  ranged  from  30°  to  41°  F. 
=  Successive  stratification  periods  were  30  days  at  34°,  60  days  at  70°.  and  196  days  at  34°  F.  During  the  final 
lid  period,  62  percent  of  the  seeds  germinated.  An  additional  12  percent  germinated  after  temperature  was  again 
lised  to  70°  F.  for  a  total  of  74  percent. 
'  70°  to  80°  during  the  day  and  50°  to  60°  during  the  night. 
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8mm 

LO 

Figure  3. — Berberis  thunbergii,  Japanese  barberry: 
longitudinal  section  through  two  seeds  in  a  berry, 
6  X. 

stored  in  sealed  containers  at  temperatures 
slightly  above  freezing  {6,  21,  31).  Seed  purity 
and  soundness  for  the  species  included  here  have 
been  90  to  99  percent  {U,  25,  27,  32).  Seeds  of  B. 
thunbergii  and  B.  vulgaris  have  kept  weW  for 

at  least  4  years  when  held  at  34°  to  38°  F.  in 
sealed  containers  (7).  Viability  of  seeds  of  B. 
fremontu  and  B.  repens  was  maintained  for  5 
years  in  unsealed  containers  in  an  unheated 
shed  (23).  Fruit  and  seed  yields  for  nine  species 
are  given  in  table  4  along  with  numbers  of  seeds 
per  pound. 

Pregermination  treatments. — Seeds  of  B. 
fremontii  and  B.  haematocarpa  have  germinated 
well  without  pretreatment  (28,  31).  Seeds  of 
other  barberry  species  have  internal  dormancy 
and  require  cold  stratification  to  stimulate 
prompt  germination  (table  5).  But  seeds  of  B. 
nervosa  did  not  germinate  after  90  days  of  cold 
stratification  (32).  Seeds  of  B.  repens  germi- 

nated after  successive  cold,  warm,  and  cold 
stratification  periods  (15)  (table  5,  footnote  2). 
Under  natural  conditions,  barberry  seeds  ger- 

minate in  the  spring  following  seed  dispersal 
(12). 

Germination  tests. — Germination  of  barberry 
seed  has  been  tested  in  sand  flats,  in  petri  dishes, 
on  paper  or  blotters,  or  in  standard  germinators 

at  50°  to  70°  F.  (night)  to  70°  to  86°  F.  (day) 
for  40  days.  Results  are  summarized  in  table  5. 
For  B.  thmibergii  and  B.  vulgaris  the  Associ- 

ation of  Official  Seed  Analysts  recommends  ger- 
mination of  excised  embryos  in  covered  petri 

dishes  at  a  temperature  of  68°  F.  (±  4°  F.)  for 
10  to  14  days  (11).  This  method  may  be  satis- 

factory for  other  barberry  species. 

Figure  4. — Berberis  thunbergii,  Japanese  barberry: 
seedling  development  at  1  and  16  days  after  germina-j tion. 

Nursery  practice. — Whole  berries  or  (prefer-] 
ably)  cleaned  seed  may  be  sown  in  the  fall,  oi 

stratified  (except  for  species  without  dormant"! seed)  seed  used  in  the  spring.  Injury  from 
molds  is  more  likely  if  berries  are  used  (3). 
Fall-sown  beds  should  be  mulched  until  germi- 

nation begins  (21).  The  seeds  should  be  covered 
with  VL>  or  Vs  inch  of  soil  plus  14  ii^ch  of  sand 
(31).  Germination  is  epigeal   (fig.  4).  For  B. 
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vulgaris  a  tree  percent  of  22  has  been  reported 
{28).  Barberries  may  be  field-planted  as  2-0 
stock  {36). 
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Betulaceae — Birch  family 

BETULA  L.  Birch 

by  Kenneth  A.  Brinkman  ^ 

Growth    habit,    occurrence,    and    use. — The 
birches  consist  of  about  40  species  of  deciduous 
trees  and  shrubs  occurring  in  the  cooler  parts 
of  the  Northern  Hemisphere.  Several  species 
produce   valuable   lumber;   others,   because   of 

North  Central  Forest  Exp.  Stn. 

their  graceful  growth  habit,  handsome  foliage, 
and  bark  are  useful  for  ornamental  plantings. 
Nearly  all  species  provide  food  and  cover  for 
vv^ildlife,  and  some  are  valuable  because  they 
seed  in  promptly  on  cutover  or  burned  lands. 
Of  the  more  important  species,  seven  are  native 
to  the  United  States,  and  three  have  been  intro- 

Table  1. — Betula:    nomenclature,   occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms Common  names Occurrence TT       1            Data  compilers 

  for  the  species 
B,  alleghaniensis  Britton 

B.  lutea  Michx. 
B.  lutea  alleghaniensis 

(Britton)  Ashe. 

yellow  birch, 
gray  birch, silver  birch, 
swamp  birch. 

Newfoundland  to  south- 
eastern Manitoba,  south 

to  northeastern  Iowa, 
northern  Illinois  and 
Delaware  Mountains  to 
Tennessee. 

T,  H    William  B.  Leak. 

B.  davurica  Pa\l    Dahurian  Northeastern  Asia  and                   H,  E    Paul  0.  Rudolf. 
B.  maximowiczii  Rupr.                        birch.  Japan. 
B.  7naackii  Rupr. 
B.  wutaica  Mayr. 

B.  glaiidulosa  Michx          bog  birch,  Newfoundland  to  Alaska,               H,  W         .    Knud  E.  Clausen. 
B.  nana  var.  sibirica  Led.                   swamp  birch,  south  to  higher  mountains 

dwarf  birch.  of  California,  Colorado 
and  Maine. 

B.  lenta  L    sweet  birch.  Southern  Maine  to  southern          T,  H    William  B.  Leak. 
black  birch,  Ontario,  south  to  eastern 
cherry  birch.  Ohio  and  Delaware. 

Mountains  to  northern 
Alabama  and  Georgia. 

B.  nigra  L.        river  birch,  Connecticut  to  eastern  Iowa,         T,  H,  E         Knud  E.  Clausen. 
B.  rubra  Michx.                                    black  birch,  and  southeastern  Kansas, 

red  birch,  south  to  eastern  Texas, 
water  birch.  east  to  northern  Florida. 

B.  paprrif era  March          paper  birch,  Newfoundland  to  Canada,              T,  H,  E          John  C.  Bjorkbom. 
B.  alba  var.  papyrifera                        canoe  birch,  south  to  Washington,  and 

(Marsh.)  Spach.                                 silver  birch,  east  to  North  Dakota, 
B.  andrewsii  A.  Nels.                           white  birch.  northeastern  Iowa  and 

New  England.  Locally  in 
other  northern  States. 

B.  pendulaJioth        European  Europe  to  Japan            T,  H,  E         Paul  0.  Rudolf. 
B.  verrucosa  Ehrh.  white  birch. 
B.  alba  L.  in  part. 

B.  populifolia  Marsh    gray  birch.  Nova  Scotia  to  southern               T,  H,  E         John  C.  Bjorkbom. 
white  birch,  Ontario,  south  to  northern 
wire  birch.  Ohio,  Pennsylvania  and 

Delaware. 

B.  pubescens  Ehrh    hairy  birch.  Northern  and  central                      T,  H,  E          Paul  O.  Rudolf. 
B.  odorata  Bechst.                                (European  Europe  to  eastern  Siberia. 
B.  a76a  L.  in  part.                                white  birch). 

B.  pumila  L,.  var.                       .     low  birch,  Western  Quebec  to  British             H,  W             Knud  E.  Clausen. 
glandulifera  Regal.                          bog  birch,  Columbia,  south  to 

B.  plaiidulifera  (Reg.)  Butler.           swamp  birch.  Montana,  east  to  North 
B.  nana  var.  glandulifera  Dakota  and  northern 

(Regel)  Boivin.  New  York. 
B.  glandulosa  var.  glandulifera, 

(Regel)  Gleason. 

'T:   timber  production,  H:   habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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B.  pendula 
European  white  birch 

;*^ 

B.  populi folia         B.  papyrifera  B.  lenta 
gray  birch  paper  birch  sweet  bi 

irch 

Figure  1. — Betula:  ripe  female  strobiles,  1  X 

duced  from  Europe  and  Asia  (table  1).  Only 
Betula  alleghaniensis  is  used  for  forest  plant- 

ings in  this  country,  but  B.  pendula  and  B. 
pubescens  are  planted  in  Scandinavian  countries 
and  the  U.S.S.R.  Varieties  of  the  two  latter 
species  and  of  B.  papiirifera  are  often  used  for 
environmental  plantings  in  this  country  and  in 
Europe.  Several  natural  hybrids  are  known  of 
B.  alleghaniensis  and  B.  papyrifera. 

Flowering  and  fruiting. — The  flowers  are 
monoecious  and  borne  in  catkins.  Staminate  cat- 

kins are  formed  in  late  summer  or  autumn,  re- 
main naked  during  winter,  and  open  after 

considerable  elongation  in  the  spring.  The  cone- 
like pistillate  catkins — terminal  on  short,  spur- 
like lateral  branches  and  with  closely  overlap- 
ping scales — appear  with  the  leaves  (table  2). 

When  they  ripen  in  late  summer  or  autumn,  the 
fruits  become  brown  and  woody  and  are  erect 
or  pendulous  strobiles  (fig.  1  and  table  3).  Each 
scale  may  bear  a  single  small,  winged  nut  (seed) 
(figs.  2  and  3),  which  is  oval  in  shape  with  two 
persistent  stigmas  at  the  apex.  The  seed  turns 
from  greenish  tan  to  light  brown  or  tan  when 
mature  {8).  After  seed-fall,  the  strobiles  slowly 
distintegrate  on  the  trees  with  the  axes  persist- 

ing on  the  branchlets.  Seed  dispersal  is  usually 
by  wind,  sometimes  by  water.  Seed  may  be 
blown  for  some  distance  over  crusted  snow. 

Collection  of  fruits. — Birch  seed  is  collected 
by  picking  or  stripping  the  strobiles  (while  they 
are  still  green  enough  to  hold  together)  from 
standing  trees  or  shrubs  or  from  trees  recently 

felled  in  logging  operations.  Because  ripe  stro- 
biles shatter  readily,  they  are  usually  put  di- 

rectly into  bags  rather  than  allowed  to  fall  on 
canvas  with  the  attendant  loss  of  seed. 

Extraction  and  storage  of  seeds. — Freshly 

collected  strobiles  usually  ai'e  rather  green  and 
thus  are  subject  to  heating;  they  should  be 
spread  out  to  dry  for  several  weeks  until  they 
begin  to  disintegrate.  They  can  be  shattered  by 
flailing  and  shaking  and  the  seeds  separated 

from  most  of  the  scales  and  debris  by  screening  ̂  
and  fanning.  Birch  seeds  are  very  small  and 
light ;  the  number  per  pound  and  yield  per  bushel 
vary  considerably  among  species  (table  4). 

'  Round-hole  grain  screens  of  the  following  sizes  have 
proved  satisfactory  for  these  species :  Betula  pumila 
var.  glandulifera,  6/64-inch;  B.  alleghaniensis,  8/64- 
inch;  B.  nigra,  10/64-inch;  B.  papyrifera,  8/64-inch; 
R.  pendula  and  B.  pubescens,  1/10-inch.  Remaining 
scales  can  be  removed  by  fanning  (2i). 

Table  2. — Betula:  phenology  of  floivering  and  fruiting 

Species Location Flowering      Fruit  ripening 
dates  dates 

Seed  dispersal 
dates 

Data 

source 

alleghaniensis    Midrange       April-May 
davurica    Japan         .       May 
glandulosa            Midrange.      June-Aug. 
lenta        do       _.      April-May 
nigra                  Northern  part  of  range       __  do      . 

'^.papyrifera        Midrange     April-June 8.  pendula     Russia,  Finland              do 
i.populifolia    Midrange       April-May 
i.puhescens^^      Germany,  Finland  May-June 
?.  pumila  var.  glandulifera    Midrange       _      do   

Aug.-Oct. October 
Aug.-Oct. 
Aug.-Sept. 
May-June  _ 
Aug.-Sept. 
July-Aug. 

Sept.-Oct. Aug.-Sept. _ 

Sept.-Oct. 

Sept.-Spring 

Sept.-March 
Sept.-Nov     .  _ . 
May-June Aug.-Spring 
July-Sept. 
Oct.  to  midwinter 
Fall-Winter 

Oct.-March 

11,18,26 
2 
11 

2U 

1,A 

9,2 

2U 

19, 

,2h 

O 

22  27 
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For  B.  papyrifera,  Bjorkbom  {U)  found  that 
a  higher  proportion  of  the  seed  was  viable  in 
good  seed  years  than  in  poor,  and  that  the  ger- 
minative  energy  of  sound  seed  also  was  greater 
in  years  of  high  seed  production.  The  percentage 

of  viable  birch  seed  can  be  estimated  by  examin- 
ing the  seed  under  transmitted  light  {20). 

Seed  of  most  birch  species  should  be  stored 
at  1-  to  3-percent  moisture  content  and  tempera- 

tures of  36°  to  38°  F.  {15).  Other  tests  have 

BETULA 

\ 

'v.. 

B.  pendula 
European  white  birch 

B.  pumila low  birch B.  populifolia 

gray  birch 

B.  glandulosa 
bog  birch 

B.  nigra 
river  birch 

B.  pubescens 
hairy  birch 

B.  lenta 
sweet  birch B.  papyrifera 

paper  birch 

B.  allegheniensis 

yellow  birch 

Figure  2. — Betiila:  winged  nuts  (seeds),  12  X 
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Table  3. — Betula:  height,  seed-hearing  age,  and  seed  crop  frequency 

Height 
Species  at 

maturity 

Feet 

B.  aUenghapiensis     100 
B.  davurica       65 
B.  glandulosa             6 
B.  lenta      80 
B.  nigra    100 
B.  papyrifera       70 
B.  pendula          _        65 
B.  popiilifolia      40 
B.  pubescens        ..  .    65 
B.  pumila  var.  glandulifera..     10 

Year  of 
first 

culti- vation 

Seed-bearing  age 

Minimum 
Data 
source 

Interval  between 
large  seed  crops 

Time 
Data 
source 

1800 
1883 
1880 
1759 
1736 
1750 Long 

1750 
1789 
1762 

Years 
40 

40 
15 
15 

8 15 

r2 

27 

2i 

27 

Years 
2 
2 

1-2 

2 
2-3 
1 

2-3 1-2 

18 
2 

U 

u 
27 

2U 

27 

shown  that  seeds  of  B.  lenta,  B.  papyrifera,  and 
B.  popidifera  with  1-  to  5-percent  moisture  con- 

tent can  be  kept  for  1  Y_,  to  2  years  at  room  tem- 
perature; if  the  moisture  content  is  much 

higher,  percent  germination  may  drop  even 

though  the  seed  are  stored  at  35°  to  40"  F.  (24). 
Pregermination  treatment. — Earlier  tests  of 

birch  seed  showed  that  germination  was  im- 
proved by  stratification  (2i).  More  recent 

studies  have  shown  that  this  treatment  is  not 
necessary  if  germination  tests  are  made  under 
light  (15,  8,  17,  3).  The  germination  inhibitor 
present  in  B.  pubescens  (and  probaVjly  other 
birch  species)  is  destroyed  by  light  or  stratifica- 

tion (6,7,  5). 
Germination  tests. — Available  data  show  that 

unstratified  seed  tested  under  light  nearly 
always  gives  better  germination  than  stratified 
seed  (table  5).  The  only  exception  may  be  B. 
glandulosa,  but  tests  are  inadequate  to  be  con- 

clusive. Tests  should  be  made  on  paper  pads  at 

alternating  temperatures  of  86°  and  68°  F. ; 
light  is  required  at  86°  F.  for  at  least  8  out  of 
24  hours  (3).  Amount  of  seed  recommended  per 

2nnm 

LO 

Figure  3. — Betula  nigra,  river  birch:  longitudinal  sec- 
tion through  a  nut  (seed). 

test  (3)  varies  with  seed  size,  from  0.035  oz. 
(0.5  g.)  for  B.  pendnla  and  B.  popuUfolia  to 
0.105  oz.  (3.0  g. )  for  B.  aUeghaniensis  and  B. 
nigra.  However,  the  1ST  A  standards  (17) 
specify  only  0.009  oz.  (0.25  g.)  of  seed  per  test. 

Nursery  practice. — Birch  seed  usually  is  sown 
soon  after  collection  in  the  late  summer  or  fall, 

Table  4. — Betula:   cleaned  seeds  per  pound  and  other  yield  data 

Species 

B.  aUeghaniensis       
B.  davurica^     
B.  glandulosa   
B.  lenta           
B.  nigra  ̂       
B.  papyrifera        ^  2.0-3.4 
B.  pendula,  dewinged   
B.  pendula,  winged   
B.  popuUfolia       
S.  pubescens      
9.  pumila  var.  glandulifera 

Seeds  per Seeds  per Cleaned  seeds 
per  pound 

Data 

of  fruit of  fruit Range Average 
Samples 

source 

Pounds Pounds Number Number Number 
■  1.0-3.5 

278,000-    907,000 450,000 

24 2^,25 
690,000-    760,000 725,000 

24- 

2 

2,976,000-5.115,000 3,839,000 
3 8 

443.000-    933,000 646,000 

13 

2i 

287,000-    548,000 375,000 

13 

21, 

'  2.0-3.4 
610,000-4,120,000 1,380,000 28 

2U 

1,510,000-5,040,000 2,417,000 

154  + 

13,21,19 

=  15 

730,000-    860,000 795,000 10 
13,19 3,581,000-4.930.000 4,256,000 2 

2U 

=  15 

750.000-4,500,000 1,720,000 
45 

IS,  19 1,396,000-3,470,000 2,422,000 
4 

2U 

'  Dewinged  seed. 
^  One  bushel  of  fruit  weighed  6-8  pounds  (20). 
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Table  5. — Betula:  germination  test  conditions  and  results 

Species 
Cold  strati- 

fication 

period 

Germination  test  conditions 
Daily 

light 

period 

Medium 
Temperature 

Germinative 

energy 
Day 

     Dura- 

Night        tion       Amount 

Germinative 
capacity 

Purity 

Period   Average  Samples 

Data 

source 

Days         Hours 

B.  alleghaniensis   30-60 
None 

B.  davurica    None 
B.  glandulosa      (over 

win- 

ter) 

None 
B.  lenta     40-70 
B.  nigra    30-60 

None 
B.  papyrifera    60-75 

None 
B.  pendula...    30-40 

None 

B.  populifera    60-90 
B.  pubescens    30-60 

None 
B.  pumila  var.  None 

glanduUfera. 
All  species 

8-f  Sand    
8  4-  Germinator. 
8+    Sand   

20  Perlite   
B-f  Sand    
8+  Sand    
20  Perlite   
8-f  Sand   
8+  Paper  pads 
8-1-  Sand   
8+  Germinator 
84-  Sand     _ 
8-1-  Germinator 
8+  Germinator 
20  Perlite     

None      8+  Paper  pads 

90 
86 
86 
86 

75 90 
86 
75 
90 

86 

86 
86 77 
75 

86 

'F. 

Days 

59     30-40 14-28 
14-28 30 68 

68 68 

65 

59 
68 
65 

30 
30 

30 
30 

59     30-40 

40 

68     30-40 
68  40 
68 

59 

65 68 

Percent 6-48 

59 

2 4-60 
1-80 

70 
11-87 

54 

30 

Days     Percent  Number  Percent 

20    27    22    56 

30  10-71 30 
30     12 

21 

19 

20 
20 

10-14 
10 

10-20 
9 10 

10 

10 

7 

59 
18 

24 

3 
43 

34 
73 
34 

47 

30 
36 

64 
40 
87 

31 

5 
13 
13 
35 
28 
6 

10  + 

143 
3 

44 

17 

4 

60 

72 
42 

68 

69 

38 

2J, 

16,25,28 

2,20 

23 

8 

2h 
2U 

8 

2U 

U 
13 

21 

2U 

21,22 
6,7 

3,17 

but  seed  may  be  sown  in  the  spring  after  strati- 
fication for  4  to  8  weeks.  Seed  is  broadcast  and 

covered  as  lightly  as  possible  (^^c  to  %o  inch 
deep) ;  if  the  seedbed  can  be  kept  moist,  the  seed 
can  be  sown  without  covering  {2Jf).  Germi- 

nation is  epigeal  (fig.  4)  and  usually  complete  in 
4  to  6  weeks  after  spring  sowing.  Birch  seed- 

lings require  light  shade  for  2  to  3  months 
during  the  first  summer.  Tree  percent  is  low; 
only  15  to  20  percent  of  B.  pendula  and  B.  piibes- 
cens  seed  will  produce  1-0  seedlings  {27,  10).  A 
seedling  density  of  25  to  45  per  square  foot  is 
desirable  (H).  Stock  usually  is  field  planted  as 
1-0  or  2-0  seedlings. 

Literature  and  Other  Data 
Sources  Cited 

( 1 )  Ahlgren,  C.  E. 
1957.  Phenological  observations  of  nineteen 

native  tree  species.  Ecol.  38(4)  :  622-628. 
(2)  Asakawa,  S. 

Correspondence  June  17,  1969,  and  Nov.  27, 
1969.  Ministry  of  Agriculture  and  Forestry, 
Meguro,  Japan. 

(3)  Association  of  Official  Seed  Certifying  Agencies. 
1969.  Minimum  genetic  certification  standards. 

Assoc.  Off.  Seed  Cert.  Agencies  Publ.  22, 
89  p. 

(4)  Bjorkbom,  J.  C,  Marquis,  D.  A.,  and  Cunningham, 
F.  E. 

1965.  The  variability  of  paper  birch  seed  pro- 
duction, dispersal,  and  germination.  USDA 

Forest  Serv.  Res.  Pap.  NE-41,  8  p. 
(5)  Black,  M. 

1956.  Interrelationships  of  germination  inhib- 
itors and  oxygen  in  the  dormancy  of  seeds  of 

Betula.  Nature  178  (4539):  924-925. 
Figure    4. — Betula    populifolia,    gray    birch:    seedling 

development  at  1,  10,  and  40  days  after  germinationJ 

256 



BETIJLA 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

16) 

!l7, 

—  and  Wareing,  P.  F. 
1954.  Photoperiodic  control  of  germination 
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Nature  174(4432):   705-706. 
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Data   filed    1968.   USDA    Forest   Serv.,   North 
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Sapotaceae — Sapote  family 

BUMELIA  LANUGINOSA  (Michx.)  Pers. 

by  F.  T.  Bonner  '  and  R.  C.  Schmidtling  ^ 

Gum  bumelia 

Synonym. — Sideroxylon  lanuginosa  (Michx.). 

Other  common  names. — Woolly  bucket  bum- 
elia, buckthorn,  gum  elastic,  blackhaw,  chittam- 

wood. 

Growth    habit,    occurrence,    and    use. — Gum 
bumelia  is  a  spiny  shrub  or  small  tree  (up  to 
60  feet)  found  from  southern  Georgia  to  south- 

ern Illinois  and  west  to  southern  Kansas,  and 
southern  Arizona;  it  also  grows  in  northern 
Mexico.  It  is  deciduous  in  the  north  and  ever- 

green in  its  southern  range.  Gum  bumelia  has 
some  value  as  wildlife  food.  It  has  been  planted 
as  an  ornamental,  and  to  some  extent  for  shelter- 
belts.  It  has  a  deep  taproot  and  is  extremely 
drought  resistant  (^). 

Flowering  and  fruiting. — The  perfect,  white 
flowers  are  borne  on  small  fascicles  14  to  li/o 
inches  across  and  open  in  June  to  July  (4,  5). 
The  fruit  is  a  single-seeded  drupe  1/3  to  1  inch 
long.  It  turns  purplish  black  as  it  ripens  in  Sep- 

tember and  October  and  persists  on  the  tree  into 
winter  (^,  5).  The  single  seed  is  14  to  1/2  inch 
long  and  is  rounded,  brownish,  and  shiny  (figs. 
1  and  2)   (5). 

Collection,  extraction,  and  storage. — Fruits 
should  be  picked  as  soon  as  they  turn  purplish 
black.  The  fleshy  outer  coat  may  be  removed 

by  careful  maceration  in  water.  The  following 
data  were  obtained  on  four  samples  from  Texas 
and  Oklahoma  (5) : 

Cleaned  seeds  per  100  pounds  of  fresh 
fruit         pounds  20-25 

Cleaned  seeds  per  pound   number  5,700 
Purity           percent  94 
Sound  seeds    percent  88 

Longevity  of  seed  in  storage  is  not  known. 
Germination. — Gum  bumelia  seeds  germinate 

slowly  and  may  be  influenced  by  the  seedcoat 
and  internal  conditions.  Scarification  by  soak- 

ing in  concentrated  sulfuric  acid  for  20  minutes, 
followed  by  4  to  5  months  of  stratification  at 
35°  to  45°  F.,  has  been  recommended  (1).  Strat- 

ification alone  for  60  days  at  41°  F.  has  also 
been  successful  (3).  Preliminary  trials  on  sam- 

ples of  each  seed  lot  are  desirable  to  determine 
whether  the  acid  treatment  is  necessary.  Ger- 

mination may  be  tested  in  flats  of  sand  or  sand 

and  peat  at  temperatures  of  about  68°  F.  at 
night  and  86°  F.  during  the  day.  Test  periods 
of  60  to  90  days  are  needed  for  complete  germi- 

nation of  stratified  seeds.  Germinative  capaci- 
ties of  21  to  44  percent  were  reported  for  13 

samples  from  Texas  and  Oklahoma  (3).  Un- 
treated seed  from  Missouri  had  a  germinative 

capacity  of  51  percent  after  150  days  (2). 

'  Southern  Forest  Exp.  Stn. 

Figure  1. — Bumelia  langinosa,  gum  bumelia:  seed,  8  X. 
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Figure  2. — Bumelia  langinosa,  gum  bumelia:  longitudi- 
nal section  through  a  seed,  8  X. 
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Nursery  practice. — Twenty-five  viable  seeds 
should  be  sov^^n  per  linear  foot  and  covered 
lightly  M^ith  soil.  Outplanting  at  the  age  of  2 
years  is  suggested  {2). 

Literature  and  Other  Data 
Sources  Cited 

(1)   Afanasiev,  M. 
1942.  Propagation  of  trees  and  shrubs  by  seed. 

Okla.  Agric.  Exp.  Stn.  Circ.  C-106. 

(2)  Clark,  Robert. 
1940.  A  hardy  woody  plant  new  to  horticulture. 

Mo.  Bot.  Card.  Bull.  28:  216-220. 
(3)  USD  A  Forest  Service. 

Data  filed  1942.  North  Cent.  Forest  Exp.  Stn.. 
St.  Paul,  Minn. 

(4)     
1948.  Woody-plant  seed  manual.  U.S.  Dep. 

Agric.  Misc.  Publ.  654,  416  p. 

(5)  Vines,  Robert  A. 
1960.  Trees,  shrubs,  and  woody  vines  of  the 

Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- 

tin. 
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Bignoniaceae — Trumpetcreeper  family 

CAMPSIS  RAD  I  CANS  (L.)  Seem  Common  trumpetcreeper 

by  F.  T.  Bonner  i 

Synonyms. — Bignonia  radicans  L.,  Tecoma 
radicans  (L.)  Juss. 

Other  common  names. — trumpetvine,  cow- 
itch  vine,  trumpet-flower. 

0.5  A 

Growth  habit,  occurrence,  and  uses. — Com- 
mon trumpetcreeper,  a  deciduous  vine,  is  native 

from  Texas  and  Florida  north  to  Missouri, 
Pennsylvania,  and  New  Jersey  {3).  It  has  been 
introduced  into  New  England  {2).  The  vine  is 
sometimes  used  in  erosion  control,  but  its  great- 

est value  is  as  wildlife  food. 

Flowering  and  fruiting. — The  large,  orange  to 
scarlet,  perfect  flowers  are  2  to  Si/o  inches  long. 
They  appear  from  May  through  September 
{1,  2).  The  fruit  is  a  two-celled,  flattened  cap- 

sule about  2  to  6  inches  long  (fig.  1)  that  ma- 
tures from  September  to  November  (5).  The 

small,  flat,  winged  seeds  (figs.  1  and  2)  are  dis- 

'  Southern  Forest  Exp.  Stn. 

c 

2  X 

Figure  1. — Campsis  radicans,  common  trumpetcreeper: 
fruit,  Vz   X,  and  seed,  2  X. 

■7mm 

Figure  2. — Campsis  radicans,  common  trumpetcreeper: 
longitudinal  section  through  a  seed,  8  X. 

Figure  3. — Campsis  radicans,  common  trumpetcreeper: 
seedling  development  at  1  and  9  days  after  germina- 
tion. 
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persed  chiefly  by  wind  as  the  mature  capsules 
split  open  on  the  vine  in  October  through  De- 

cember (1,  2).  The  capsules  turn  from  green  to 
gray  brown  as  they  mature  {1).  Good  seed  crops 
are  borne  annually. 

Collection  and  extraction. — Ripe  capsules 
should  be  gathered  when  they  turn  grayish 
brown  in  the  fall  before  splitting  open.  Seeds 
can  be  extracted  by  hand-flailing.  One  sample 
yielded  136,000  cleaned  seeds  per  pound,  with 
98-percent  purity  and  52-percent  soundness  {2). 
The  longevity  of  common  trumpetcreeper  seeds 
in  storage  is  not  known. 

Germination  and  nursery  practice. — The  seeds 
exhibit  some  embryo  dormancy.  Cold,  moist 

stratification  for  60  days  at  41°  to  50°  F.  is 
recommended  {2).  Germination  tests  in  sand 

have  been  run  for  30  days  at  68°  F.  night  and 
86°  F.  day  temperatures.  Four  tests  with  strati- 

fied seeds  averaged  66-percent  germinative  ca- 
pacity, and  germinative  energy  was  51  percent 

in  19  days  (2).  Germination  is  epigeal  (fig.  3). 
Seedlings  can  be  grown  in  nursery  beds  from 
either  untreated  seeds  sown  in  the  fall  or  from 
stratified  seeds  sown  in  the  spring.  Some  horti- 

cultural varieties  are  propagated  by  cuttings. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Oefinger,  S.  W.,  Jr. 
Data  filed  1969.  USDA  Forest  Serv.,  South. 

Forest  Exp.  Stn.,  Nacogdoches,  Tex. 
(2)  USDA  Forest  Service. 

1948.  Woody-plant  seed  manual.  U.S.  Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

(3)  Vines,  Robert  A. 
1960.  Trees,  shrubs,  and  woody  vines  of  the 

Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- tin. 

261 



CARAGANA 

Leguminosae — Legume  family 

CARAGANA  ARBORESCENS  Lam.  Siberian  peashrub 

by  Donald  R.  Dietz  '  and  Paul  E.  Slabaugh  ̂  

Synonyms. — Caragana  caragana  Karst  {27). 
Growth  habit,  occurrence,  and  use. — Siberian 

peashrub,  sometimes  called  caragana  or  pea- 
tree,  is  one  of  the  most  hardy  small  deciduous 
trees  or  shrubs  planted  on  the  northern  Great 
Plains  {8,  23).  Introduced  into  the  United  States 
in  1752  {23),  peashrub  is  native  to  Siberia  and 
Manchuria  and  occurs  from  southern  Russia  to 
China  {9).  Varieties  include  dwarf  {C.  a.  nana 
Jaeg.)  and  Lorberg  (C.  a.  pendula  Carr.)  {1J^). 
Caragana  readily  adapts  to  sandy,  alkaline  soil 
and  open,  unshaded  sites  on  the  northern  Great 
Plains  where  it  grows  to  heights  of  24  feet.  It 
is  extensively  used  for  shrub  buffer  strips  and 
windbreaks  on  farmlands  and  for  hedges  and 
outdoor  screening  in  many  towns  and  cities  of 

'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 

the  upper  midwest  (7,  8,  25).  Limited  use  has 
also  been  made  for  wildlife-erosion  control 
plantings  in  the  Lake  States  {9).  It  shows  prom- 

ise for  deer-range  revegetation  programs  in  the 
Black  Hills  of  South  Dakota  (7). 

Flowering  and  fruiting. — The  yellow,  bisexual 
flowers  appear  from  April  to  June.  The  fruit  is 
a  pod,  1  to  2  inches  long  (fig.  1),  and  contains 
about  six  reddish-brown,  oblong  to  spherical 
seeds  2.5  to  4.0  mm  in  diameter  {19,  24)  (figs. 
2  and  3).  Fruits  ripen  to  amber  or  brown  from 
June  to  July  {23).  Seed  dispersal  is  usually 
completed  by  mid-August  in  most  areas  on  the 
Great  Plains.  Shrubs  take  about  3-5  years  to 
reach  commercial  seed-bearing  age  (7,  13),  and 
good  crops  occur  nearly  every  year  {16). 

Collection  of  fruits. — The  optimum  seed-col- 
lecting period  for  Siberian  peashrub  is  less  than 

2  weeks — usually  in  July  or  early  August.  Since 

Figure  1. — Caragana  arhorescens,  Siberian  peashrub:  fruit,  2  X. ■4.5  t 

Figure  2. — Caragana  arhorescens,   Siberian  peashrub: 
seeds,  11   X. 

Figure  3. — Caragana  arhorescens,  Siberian  peashrub: 
longitudinal  section  through  a  seed,  11   X. 

262 



CARAGANA 

the  seeds  are  ready  to  collect  as  soon  as  the 
fruit  ripens,  the  pods  should  be  gathered  from 
the  shrubs  by  hand  as  soon  as  they  begin  to 
open  (7,  26). 

Extraction  and  storage  of  seed. — Pods  should 
be  spread  out  to  dry  in  a  protected  area  until 
they  pop  open.  The  seeds  are  then  easily  ex- 

tracted by  light  sifting,  beating,  and  fanning 
(16,  26).  The  average  number  of  cleaned  seeds 
per  pound  ranges  from  18,000  to  19,000,  with  a 
purity  of  97  to  100  percent  (11,  20).  A  range  of 
13,000  to  22,000  cleaned  seeds  per  pound  with  a 
yield  of  13  to  20  pounds  of  seed  per  100  pounds 
of  fresh  fruit  has  also  been  reported  (3,  26). 

Seeds  have  been  successfully  stored  in  sealed 
containers  at  low  temperatures  (26).  Studies  in 
Canada  have  showed  that  Siberian  peashrub 
seeds  remain  viable  for  at  least  5  years  when 
stored  dry  at  room  temperatures.  Germination 
capacity  of  seeds  stored  5  years  was  93  percent, 
compared  to  94  percent  for  seeds  stored  for  1- 
and  2-year  periods.  (If).  Some  investigators 
suggest  storing  in  sealed  polyethylene  bags  at 

0-40"  F.  and  maintaining  moisture  content  at 
9.6-13.5  percent  (19).  Seeds  stratified  in  sand 

may  be  dried  for  up  to  3  hours  at  90'  F.  with  a 
subsequent  reduction  in  germination  capacity  of 
only  8.5  percent.  The  drying  facilitates  mechan- 

ical nursery  sowing  (10). 

Pregermination  treatments. — Germination 
has  been  improved  by  stratification  in  (a)  moist 
sand  (5-  to  10-percent  moisture  content)  for  15 

days  at  41^  F.,  (b)  saturated  sand  or  perlite  for 
12  days  at  40°  F.,  or  (c)  vermiculite  for  40  days 
at  34  to  Ar  F.  (10,  13,  17).  No  significant  dif- 

ferences in  characteristics  of  1-year-old  seed- 
lings were  noted  following  Rhizobia  inoculation 

of  seeds  prior  to  field  sowing  (6).  However,  one 
source  (27)  recommended  inoculation  for  best 

results.  Certain  pesticides,  such  as  captan,  thi- 
ram,  and  mercuric  chloride  can  increase  germi- 

nation, possibly  by  inhibiting  seed-borne  dis- 
ease (.5). 

Germination  tests. — Germination  tests  have 
been  run  in  sand  flats,  perlite  or  Jacobsen  ger- 
minators  for  14  to  60  days  at  alternating  tem- 

peratures of  86"  F.  (day)  and  68"  F.  (night) 
(10,21,26).  Germinative  energy  after  25  to  41 
days  averaged  45  to  72  percent,  and  germinative 
capacity  (33  tests)  varied  from  55  to  100  per- 

cent (26).  In  other  tests,  an  average  germinative 
energy  of  79  percent  in  21  days  was  obtained  at 

diurnally  alternating  temperatures  of  86°  and 
68°  F.,  but  only  45  percent  in  21  days  was  ob- 
itai  led  at  a  constant  temperature  of  68°  F.  (11). 
1  Nursery  practice. — Seed  of  Caragana  arho- 
\rescens  may  be  drilled  or  broadcast  in  late  sum- 

mer or  spring  (13,  16,  26).  Dry  seed  sown  in  the 
spring  has  been   reported  to  germinate  more 

promptly  if  soaked  in  lukewarm  water  for  10- 
12  hours  before  sowing  (26).  Many  nurserymen 
recommend  planting  25-50  seeds  per  linear  foot 
at  1/4-,  %-,  or  i/)-inch  depth ;  tree  percentages 

have  varied  from"35  to  50  (2,  12,  13,  16,  18,  22). A  report  from  Russia  recommended  planting  1 
inch  deep  (1). 

In  a  North  Dakota  nursery,  Siberian  pea- 
shrub  is  seeded  during  the  last  week  in  July  or 
the  first  week  in  August.  A  cover  crop  of  oats  is 
seeded  between  the  tree  rows  early  enough  to 
give  winter  protection.  The  shrubs  are  large 
enough  to  dig  the  following  fall  (20). 

Seed  grading  for  size  has  greatly  increased 
the  percentage  of  plantable  seedlings.  To  be 
plantable,  seedlings  must  be  12  inches  or  more 
in  height  at  the  time  of  lifting.  Only  37  percent 
of  the  seedlings  grown  from  seed  2.5  mm.  in 
diameter  were  plantable,  but  with  seeds  4.0  mm. 
in  diameter  the  proportion  of  plantable  seed- 

lings jumped  to  77  percent  (19). 

No  significant  diff"erences  in  characteristics 
of  1-year-old  seedlings  were  noted  following 
Rhizobia  inoculation  of  seeds  prior  to  field  sow- 

ing (6).  However,  one  source  (27)  recommended 
inoculation  for  best  results.  Certain  pesticides, 
such  as  captan,  thiram,  and  mercuric  chloride 
can  increase  germination,  possibly  by  inhibiting 
seed-borne  disease  (5). 

Several  commercial  nurserymen  recommended 
outplanting  as  1-0  or  2-0  stock  (2,  13,  16),  but 
one  reported  planting  3-0  stock  (21). 

Nursery  stock  may  need  spraying  with  selec- 
tive pesticides  to  prevent  damage  by  spiders, 

blister  beetles,  and  other  leaf-eating  insects 
(26).  Grasshoppers  are  especially  destructive  to 
Siberian  peashrub,  sometimes  completely  defo- 

liating the  plants  (15).  Plants  have  also  been 
extensively  damaged  by  deer  browsing,  but  a 
mammal  repellent  has  been  effective.  (7). 
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Saxifragaceae — Saxifrage  family 

CARPENTERIA  CALIFORNICA  Torr. 

by  Donald  L.  Neal  ̂  

Garpenteria 

Carpenter ia  (also  known  as  bush-anemone 
and  tree-anemone)  is  an  erect  evergreen  shrub, 
3  to  7  feet  high,  sometimes  to  16  feet.  It  is  re- 

stricted to  dry  granite  ridges  and  slopes  of  the 
Sierra  Nevada  foothills  between  1,500  and  4,000 
feet  elevation  and  between  the  San  Joaquin  and 
Kings  Rivers  in  Fresno  County,  California  (2). 
Carpenteria  was  introduced  into  cultivation  in 
1880  and  is  valuable  as  an  ornamental  (5). 

Flowers  are  large,  white,  perfect,  and  bloom 
June  to  August  (5).  Fruits  are  a  leathery, 
beaked,  conical,  capsule  %  to  Vo  inch  (9  to  13 
mm.)  long.  They  hold  many  small  seeds  in  5  to 
7  cells  (fig.  1).  Seeds  may  be  collected  from  July 
to  October  {1,  -i).  Cleaned  seed  per  pound  ran 
15,010,000  to  21,460,000  in  3  samples  {3,  5). 

Germination  without  treatment  is  excellent, 
as  much  as  80  percent  in  71  days  (1  -f  tests). 
The  first  seedling  emerged  after  17  days.  Species 
suckers  freely  and  can  be  easily  propagated 
from  cuttings  or  suckers. 
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Figure  1. — Carpenteria  calif oryiica,  carpenteria:  A,  ex- 
terior view  of  fruit;  B,  cross  section  of  fruit;  C,  ex- 
terior view  of  seeds  in  two  planes. 
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Betulaceae — Birch  family 

CARPINUS  L.  Hornbeam 

by  Paul  O.  Rudolf  ̂   and  Howard  Phipps  ̂  

Growth    habit,    occurrence,    and    use. — The 
hornbeams  include  about  26  species  of  deciduous 
trees  (sometimes  shrubs)  native  to  the  Northern 
Hemisphere  from  Europe  to  eastern  Asia,  south 
to  the  Himalayas,  and  in  North  and  Central 
America  (1,  11).  Two  species  have  been  planted 
for  conservation  purposes  in  the  United  States 
(table  1 ) .  They  occur  mainly  as  understory  trees 
in  rich,  moist  soils  on  bottom  lands,  coves,  and 
lower  protected  slopes.  Both  have  wood  of  value 
for  specialty  purposes,  produce  wildlife  food, 
and  are  of  ornamental  value.  C.  caroUniana  was 
first  cultivated  in  1812  and  C.  betukts  was  cul- 

tivated earlier. 
Geographic  races. — Several  varieties  of  C. 

betulus  are  recognized,  although  none  appear  to 
be  geographic  races.  Because  of  the  relatively 

'  North  Central  Forest  Exp.  Stn. 

■14 

I  X 4  X 

Figure  1. — Carpinus  caroliniana,  American  hornbeam: 
3  nutlets  with  involucre,  1  X  ;  and  a  nutlet  with  in- 

volucre removed,  4   X . 

extensive  range  of  this  species,  however,  geo- 
graphic races  probably  have  developed.  Botan- 

ists recognize  a  northern  form  and  a  southern 
form  of  C.  caroliniana,  which  differ  in  bark, 
leaf,  and  bract  characteristics  (18).  These  forms 
may  be  geographic  races. 

Flowering  and  fruiting. — Staminate  and  pis- 
tillate flowers  appear  in  the  spring  on  the  same 

tree.  Fruits  are  ribbed  nutlets,  each  with  an  in- 
volucre (figs.  1  and  2),  and  are  borne  in  clusters. 

The  fruits  ripen  from  late  summer  to  fall.  Seeds 
are  dispersed  from  fall  to  spring ;  they  are  blown 
only  a  short  distance  and  are  distributed  mainly 
by  birds.  Details  of  growth,  flowering,  and  seed- 

ing habits  of  the  two  species  are  similar  (tables 
2  and  3). 

LO 

Figure  2. — Carpinus  caroUnia-na,  American  hornbeam: 
longitudinal  section  through  a  nutlet,  12  X. 

Table  1. — Carpinus:  nomenclature,  occurrences,  and  uses 
I 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses  ■ 

C.  betulus  L.           European  hornbeam        Central  and  southern  Europe  to  Persia      T.  H.  S.  E. 
C.  caroliniana  Walt    American  hornbeam,  hornbeam,         Nova  Scotia  south  to  Florida,  west  to  T.  H.  E 

C.  americana  Michx.  blue  beech,  ironwoond,  water  Texas,  and  north  to  Minnesota  and 
C.  virginiana  Michx.  beech.  Ontario;  also  on  mountains  of  Mexico 

and  Central  America  (7). 

'T:   timber  production,  H:   habitat  or  food  for  wildlife,  S:  shelterbelt,  E:  environmental  forestry. 
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Collection  of  fruits. — The  fruits  are  harvested 
while  they  are  light  greenish  brown  to  brown — 
before  they  become  dry  in  late  summer  or  fall — 
by  flailing  them  onto  canvas  or  by  hand-picking 
from  the  tree.  Preferably  the  fruit  should  be 
slightly  green,  but  fully  developed  in  size  when 
collected  (.9,  12).  In  Poland,  however,  late  fall 
(October  to  November)  harvests  of  well-ripened 
fruits  of  C.  betuhis  have  yielded  seed  of  good 
germinative  capacity  (H). 

Extraction  and  storage. — After  collection,  the 
ripe  fruits  are  spread  out  in  thin  layers  in  a 
cool,  well-aerated  room  or  shed ;  they  should  dry 
superficially  and  then  be  placed  in  a  dewinging 
machine  or  beaten  in  bags  to  separate  seeds 
from  the  involucres.  Chaff  is  removed  from  the 
seed  by  screening  and  fanning  (9,  16).  A  bushel 
of  C.  betuhis  seed  with  involucres  weighs  33  to 
40  pounds  (9,  19)  ;  100  pounds  of  fruits  yields 
about  50  pounds  of  cleaned  seed  (2).  The  num- 

ber of  cleaned  seed  per  pound  is  shown  in  table  4. 
Hornbeam  seed  stratified  immediately  after 

extraction  in  moist  sand,  sand  and  peat,  or  soil 

at  35°  to  49°  F.  can  be  stored  up  to  2  years 
{6,  9,  16,  19).  Seeds  may  also  be  partially  dried 
at  room  temperature  and  stored  in  sealed  con- 

tainers until  100  to  120  days  before  sowing, 
when  they  should  be  stratified  {IJf).  Carpinns 
betulus  seed  stored  at  10-percent  moisture  con- 

jtent  in  sealed  containers  at  37°  F.  lost  no  viabil- !ity  in  14  months  (H). 

Germination. — Dormancy,  apparently  caused 

by  cond^'tions  in  the  embryo  and  endosperm, 
may  be  overcome  by  stratification  treatments 
(table  5).  Germination  tests  may  be  made  on 
pretreated  seeds  in  germinators,  or  in  flats  of 
sand  or  sand  plus  peat.  For  C.  betulus  the  tetra- 
zolium  test  for  viability  has  been  recommended 
(i).  Details  of  germination  test  results  are 
shown  in  table  6.  Improved  methods  for  C.  caro- liniana  are  needed. 

Nursery  practice. — The  optimum  seedbed  is 
continuously  moist  rich  loamy  soil  protected 
from  extreme  atmospheric  changes  (16,  19). 
The  epigeal  germination  of  many  naturally  dis- 

seminated seeds  is  delayed  until  the  second 
spring  after  seed  dispersal  {16).  For  good 
germination  the  first  spring,  collect  seed  still 
slightly  green,  and  sow  it  immediately  in  the 
fall  or  immediately  stratify  it  and  sow  it  the 
next  spring.  Seeds  collected  later  should  be  par- 

tially dried,  then  stratified  and  sown  the  next 
fall  or  the  following  spring  to  avoid  spreading 
germination  in  the  seedbeds  over  2  years  (5,  5, 
6,  9,  12,  13,  lU,  16,  19).  Sow  the  seed  in  well- 
prepared  beds  to  produce  30  to  40  seedlings  per 
square  foot,  and  cover  them  with  14  to  V2  inch 
of  soil  (.9).  Mulch  fall-sown  beds  with  burlap, 
pine  straw,  or  other  material  until  after  the  last 
frost  in  spring  (9,  16).  Keep  the  surface  soil 
moist  until  after  germination,  and  shade  beds 
lightly  the  first  year  (9,  16).  Tree  percent  aver- 

Table  2. — Carpinus:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data  source 

C.  betulus   

C.  caroliniana. 

Europe,  northeastern 
United  States. 

Apr.  to  May            Aug.  to  Nov.           Nov.  to  spring        6,  8,  9,  1  J,,  19,  20 

Mar.  to  June      .    Aug.  to  Oct        16, 18,  20 

Table  3 — Carpinus:  height,  seed-hearing  age,  seed  crop  frequency,  and  fruit  ripeness  criteria 

Species 
Height 

at maturity 

Minimum 
seed-bearing 

age 
Interval  be- tween large 
seed  crops 

Preripe 

color 

Ripe 
color 

Data 

source 
1 

1 
p.  betulus   
'V.  caroliniana   

Feet                     Years                    Years 

45  to  65                  10-30                     1  to  2             Green    Brown   
30  to  40                        15                    3  to  5             Green      Pale  greenish 

brown. 
9,11,19 11,16 

Table  4. — Carpinus:  cleaned  seeds  per  pound 

Species Range                                 Average                             Samples 
Data 

sources 

17.  betulus '   
7.  caroliniana   

Number                               Number                            Number 

10,000-14,000                             13,000                                  10  + 
15,000-45,000                              30,000                                      7 

19 
15,17 

'Seeds  attached  to  their  involucres  average  8,500  per  pound  in  11-|-  samples  (9,  16). 
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Table  5 — Carpimis: stratificatimi  treatments  for 
embryo 

dormancy  ̂  

Species 

Warm  period Cold  period 

Temper- ature 
Time 

Temper- ature 
Time 

Data 
source 

c. betulus   

op 

68 

68-86 

Days 

28 
0 

60 

41 
41 
41 

Days 

87-98 180 

60 

H 

c. caroliniana. 

17 

'  stratification  was  done  in  mixture  of  sand  and  peat  (H,  17). 

Table  6. — Carpimis:  germination  test  conditions  and  results  on  stratified  seed 

Species 

Germination 
conditions 

test Germinative 
energy 

Germinative capacity             Purity 

Average  Samples Sound- 

ness 

Data 

Temperature 
Day        Night Dura- tion 

source 
Amount    Period 

C.  betulus   
C.  caroliniana   

op 

68 
80 

op 

68 
60 

Days 

70 60 

Percent     Days 
30               7 
2             12 

Percent    Number  Percent 
18-90          50             97 

1-5            2             96 

Percent 

60 
62 

J,,  6,  9, 10,  H,  19 

17 

^  Seed  from  fully  developed  fruit  collected  when  slightly  green  requires  no  stratification. 
°  Tests  were  made  in  sand  or  soil. 

ages  about  10.  Field  plant  2-0  stock;  fresh, 
mineral-rich,  silty  soils  are  preferable,  although 
the  plants  also  will  make  reasonably  good 
growth  on  warm  limestone  slopes  where  there 
is  a  good  layer  of  humus  {19). 
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Juglandaceae — Walnut  family 

CARYA  Nutt.  Hickory 

by  F.  T.  Bonner  '  and  L.  C.  Maisenhelder  ^ 

Growth  habit,  occurrence,  and  use. — Of  the 
dozen  or  so  species  of  hickories  native  to  the 
United  States,  eight  are  valuable  for  timber  and 
food  for  wildlife  (table  1).  All  are  deciduous 

trees.  Carya  illinoensis  and  its  many  horticul- 
tural varieties  and  hybrids  are  widely  cultivated 

for  the  nuts  in  large  plantations  in  the  South 
and  Southwest.  C.  ladniosa  and  C.  ovata  have 

also  been  planted  for  nut  production. 

'  Southern  Forest  Exp.   Stn. 

Flowering  and  fruiting. — Hickories  are  mono- 
ecious and  flower  in  the  spring  (table  2).  The 

staminate  catkins  develop  from  axils  of  leaves 
of  the  previous  season  or  from  inner  scales  of 
the  terminal  buds  at  the  base  of  the  current 
growth.  The  pistillate  flowers  appear  in  short 
spikes  on  peduncles  terminating  in  shoots  of 
the  current  year.  Carya  fruits  are  ovoid,  glo- 

bose, or  pear-shaped  nuts  enclosed  in  husks  de- 
veloped from  the  floral  involucre,  (fig.  1).  Husks 

are  green  prior  to  maturity;  they  turn  brown 
to  brownish  black  as  they  ripen  {8,  H).  The 
husks  become  dry  at  maturity   (table  2)   and 

Table  1. — Carya:  nomenclature  and  occurrence 

Scientific  names  and  synonyms Common  names Occurrence 

C.  aquatica  (Mich  f.)  Nutt. 
Hicoria  aquatic  a  (Michx.  f.)  Britt. 

C.  cordiformis  (Wangenh.)  K.  Koch 
Hicoria  cordiforniis  (Wagenh.)  Britt. 

C.  glabra  (Mill.)  Sweet   
Hicoria  glabra  (Mill.)  Britt. 
C.  ovalis  (Wangenh.)  Sarg. 

C.  illinoensis  (Wangenh.)  K.  Koch 
Hicoria  pecan  (Marsh.)  Britt. 
C.  pecan  (Marsh.)  Engl.  &  Graebn. 

C  laciniosa  (Michx.  f.)  Loud. 
Hicoria  laciniosa  (Michx.  f.)  Sarg. 
Juglans  Jaciyiiosa  Michx.  f. 

iC.  myrisiicaeforniis  (Michx.  f . )  Nutt. 
j    Hicoria  myristicaeformis  (Michx.  f.) 

Britt. 

C.ovata  (Mill)  K.  Koch 
Hicoria  ovata  (Mill.)  Britt. 

p.  tonientosa  Nutt       
j    Hicoria  alha  (L.)  Britt. 
1    C.  alba  (Mill.)  K.  Koch. 

water  hickory,  bitter  pecan, 
swamp  hickory. 

bitternut  hickory,  bitternut, 
swamp  hickory,  pignut. 

pignut  hickory,  oval  pignut 
hickory,  pignut,  red  hickory. 

Pecan,  sweet  pecan   

shellbark  hickory,  bigleaf  shag- 
bark  hickory,  big  shellbark, 
kingnut,  bottom  shellbark. 

nutmeg  hickory,  bitter  water 
hickory,  swamp  hickory. 

shagbark  hickory,  scalybark 
hickory,  southern  shagbark 
hickory. 

niockernut  hickory,  bullnut, 
white  hickory,  whiteheart 
hickory,  hognut,  mockernut. 

Coastal  Plain  from  Virginia  to  southern 
Florida  and  eastern  Texas;  north  in 
Mississippi  Valley  to  Missouri. 

New  Hampshire  to  Minnesota,  south  to 
eastern  Texas  and  Georgia. 

New  Hampshire  to  northeast  Kansas, 
south  to  Arkansas  and  northwest 
Florida. 

Southern  Indiana  to  southeast  Iowa, 
south  to  Texas  and  east  to  Mississippi 
and  western  Tennessee.  Local  to  Ohio, 
Kentucky,  and  Alabama. 

Ohio  and  Mississippi  Valleys;  western 
New  York  to  eastern  Kansas,  east  to 
Georgia  and  Virginia.  Local  in  Loui- 
sana,  Alabama,  and  Virginia. 

Mississippi  west  to  southeastern  Okla- 
homa, south  to  eastern  Texas  and 

Louisiana.  Also  eastern  South  Caro- 
lina and  central  Alabama. 

Maine  to  southeastern  Minnesota,  south 
to  eastern  Texas  and  Georgia. 

Southern  New  Hampshire  to  southern 
Michigan,  south  to  eastern  Texas  and 
northern  Florida. 

Table  2. — Carya:  phenology  of  floivering  and  fruiting 

Species 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal dates 

Data 

source 

".  aquatica   \3.  cordiformis   
J.  glabra   
7.  illinoensis   
D.  laciniosa   ..__ 

y.  Tnyristicaeformis 
|7.  ovata   
17.  tomentosa   

Mar.-May        Sept.-Nov.     Oct.-Dec. 
Apr.-May     Sept.-Oct.        Sept.-Dec.   do     do            do       
Mar.-May            do    .              do 
Apr.-June  .,...._     ...  Sept.-Nov      do    ..    .. 
Apr.-May      Sept.-Oct.            do   
Apr.-June  .          do         .         do   .. 
Apr.-May      .  do            do 

9,li,  15 i,U 

10,  U 

^,6,14 
14,15 

7,12 
4,H 
11,14 
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C.  aquatica 
water  hickory 

C.  cordiformis 
bitternut  hickory 

C.  glabra 
pignut  hickory 

C.  myristicaeformis 
nutmeg  hickory 

iC*'^ 

i\ 
\ 

<£'"*»<■- 

W^ 

r 

C.  illinoensis 

pecan 

C.  laciniosa 
shellbark  hickory 

C.  ovata 
shagbark  hickory 

C.  to  men  to  sa 
mockernut  hickory 

J   L 
J   I 

Figure  l.—Carya:  hickory  nuts  with  husks  attached  and  with  husks  removed  (1  X  ).  Size  and  shape  of  the  nuts 
 vary 

greatly  within  each  species  and  may  differ  from  the  examples  shown  here. 

f 
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split  away  from  the  nut  into  four  valves  along 
sutures.  Those  of  C.  tomentosa,  C.  myristicae- 
f  or  mis,  C.  ovata,  C.  laciniosa,  and  C.  ilUnoensis 
split  to  the  base  at  maturity,  usually  releasing 
the  nuts.  Husks  of  C.  glabra,  C.  eordiformis,  and 
C.  aquatica  split  only  to  the  middle  or  slightly 
beyond  and  generally  cling  to  the  nuts.  The  nut 
is  4-celled  at  the  base  and  2-celled  at  the  apex. 
The  bulk  of  the  edible  embryonic  plant  is  cotyl- 
edonary  tissue  (fig.  2). 

Collection,  extraction,  and  storage. — Nuts  can 
be  collected  from  the  ground  after  natural  seed- 
fall  or  after  shaking  the  trees  or  flailing  the 
limbs.  Persistent  husks  may  be  removed  by 
hand,  by  trampling,  or  by  running  the  fruits 
through  a  corn  sheller.  C.  ovata  and  C.  laciniosa 

trees  have  been  known  to  produce  li/j  to  2  and 
2  to  3  bushels  of  nuts  respectively  Oi).  Good 
crops  of  all  species  are  produced  at  intervals  of 
1  to  3  years  (table  3).  Some  typical  yield  data 
are  in  table  4.  Nuts  stored  for  3  to  5  years  should 

be  in  closed  containers  at  41°  F.  and  90  percent 
relative  humidity  (H).  Storage  for  only  one 
winter  before  spring  planting  can  be  achieved 
with  stratification. 

Pregermination  treatments. — Hickories  ex- 
hibit embryo  dormancy,  which  can  be  overcome 

Figure  2. — Carya  ovata,  shagbark  hickory:  longitudinal 
section  through  the  embryo  of  a  nut  with  husk  re- 

moved, 2    X . 

by  stratification  in  a  moist  medium  at  33°  to 
40  F.  for  30  to  150  days  (table  5).  Naked  strati- 

fication in  plastic  bags  is  suitable  for  most  spe- 
cies (1).  Seeds  in  storage  for  a  year  or  more 

may  require  only  30  to  60  days  stratification.  If 

cold  storage  facilities  ai-e  not  available,  pit  strat- 

Table  3. — Car]ia:  height,  seed-hearing  age,  seed  crop  frequency,  and  year  of  first  cultivatioyi 

Species 
Height 

at maturity 

Year  of 
first 

cultivation 

Minimum 
seofl-bearing 

age 

Interval  be- tween large 
seed  crops 

Data 

source 

C.  aquatica   
\C.  eordiformis   
C.  glabra   
C.  ilUnoensis   

'\C.  laciniosa   
\C.  myristicaeformis 
C.  ovata   
C.  tomentosa   

Feet 

100 
50-100 

80-90 
110-140 

120 
80-100 
70-100 

100 

1800 
1689 
1750 
1766 
1800 

1911 
1766 

Years 

20 
30 
30 

10-20 
40 
30 
40 
25 

Yeais 

1-2 
3-5 
1-2 
1-2 1-2 
2-3 
1-3 

2-3 

9,1^,15 

A,lJf 

10,  H 

h,6,lU 

1U,15 

7,12 h,lU 

11,  Ih 

Table  4. — Carya:  number  of  cleaned  seeds  per  pound  and  other  yield  data 

Species 
Place  of 
collection 

Fruits 

per 

bushel 

Seeds 

per  100 

pounds of  fruit 

Seeds 

per 

bushel 
of  fruit 

Cleaned  seeds  per  pound 

Range         Average       Samples 

Data 

source 

Number       Pounds 

C.  aquatica   
cordif  orynis . 

Mississippi 

Y .  glabra Mississippi 

'C.  ilUnoensis       
j  Mississippi 
'  Texas 

3,552 

7,330 

60-85 
65-85 

50-75 

Pounds 

40 

40 

Number        Number       Number 

138-190 
125-185 
175-225 

55-160 
151-174 

164 
156 
200 
65 100 

162 
141 

2 9 
3 

13,  lU 

3  + 

13,  Ih 

4 9 

5-f 

Ih 

2 

1,  9 t.  laciniosa      15-25 25-  35 30 

3-f 

IJf 

t.  myristicaeformis Miss. -Ark. 
5,110 

94-170 
124 

3 
1,  9 |7.  ovata    ._ 

Wisconsin     _ 6,200 
25-38 30-38 

80-150 100 
132 

7  + 

2 

13,  H 

Mississippi     . 4,264 

94 

1 

~1
 

-.  tomentosa   50-80 34-113 90 3 u 
Mississippi 

1,776 
44 32-  48 36 5 9 
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Table  5. — Gary  a:  stratification  period,  germination  test  conditions,  and  results 

Species 
Cold 

strati- fication 

period 

Germination  test  conditions 

Medium Temperature 
Day        Night 

Dura- 
tion 

Germinative 

energy 

Germinative 
capacity 

Amount   Period     Average  Samples 

Data 

source 

C.  aquatica   
C.  cordiformis- 

C.  glabra   

C.  illinoensis. 

C.  laciniosa. 

C.  myristicaeformis 
C.  ovata   

C.  tomentosa. 

Days 

30-90 
90 

90 
90-120 

30-90 
30-90 

30 
90-120 

60-120 
90-150 
60-120 
90-150 

soil       80-90 
sand, peat 

soil. 
soil   
sand,  peat 

soil, 
sand, peat 
Kimpak  ...„ 
soil       
sand,  peat 

soil. 
Kimpak^  . 
sand, peat 
Kimpak   
sand, peat 

soil. 

86 

80 
86 

86 

86 90 
86 

86 
86 
86 
86 

"F. 

70 
68 

70 
68 

68 
68 

70 
68 
68 

68 

68 
68 

Days 

63 
250 

50 
30-45 

45-60 

60 35-97 
45-60 

60 
45-60 

60 
93 

Percent     Days 

76  28 
40  30 

Percent   Number 
92  1  9,11, 
55  3  II, 

60 

80 

53 
75 
65 
54 

50 

33 

50 
40 

35 
64 

60 

85 

50 

91 
75 

60 

80 

73 
66 

9 

lU 

lU 

1 
9 

IJ, 

1 
U 
1 

lU 

'  Daily  light  period  was  8  hours. 

ification  with  about  2  feet  of  compost,  leaf,  or 
soil  cover  to  prevent  freezing  will  suffice.  Prior 
to  the  cold  treatment,  nuts  should  be  soaked  in 
water  at  room  temperature  for  2  to  4  days  with 
1  or  2  water  changes  per  day  (5). 
Germination  tests. — Adequate  germination 

tests  can  be  made  on  stratified  nuts  in  flats  of 
sand,  peat,  or  soil  or  on  thick  layers  of  moist 
Kimpak,  or  similar  material,  at  diurnally  alter- 

nating temperatures  of  68°  to  86°  F.  (table  5). 
Quick  tests  with  tetrazolium  salts  can  also  be 
used  with  Canja  species  (3). 

Nursery  practice. — Either  fall  sowing  with 
untreated  seed  or  spring  sowing  with  stratified 
seed  may  be  used.  Excellent  results  with  fall 
sowing  have  been  reported  for  C.  ovata,  but  good 
mulching  is  necessary  (5).  Drilling  in  rows  8  to 
12  inches  apart  with  6  to  8  nuts  per  linear  foot 

is  recommended ;  drilling  depth  should  be  -'H  to 
11/2  inches.  Mulch  should  remain  until  germina- 

tion is  complete.  Shading  is  generally  not  neces- 
sary, but  C.  laciniosa  may  profit  from  shade. 

Protection  from  rodents  may  be  required  for 
fall  sowings. 
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Fagaceae — Beech  family 

CASTANEA  Mill.  Chestnut 

by  Ivan  L.  Sander  ̂  

Growth  habit,  occurrence,  and  use. — This  is  a 
genus  of  small  to  medium  size,  deciduous  trees 
with  about  11  species  found  in  southwestern 
and  eastern  Asia,  southern  Europe,  north  Af- 

rica, and  eastern  United  States.  Of  the  4  most 
important  species  (table  1),  C  deiitata  is  the 
only  one  native  to  the  United  States.  It  formerly 
ranked  as  one  of  the  most  valuable  timber  spe- 

cies in  the  Appalachian  region,  and  the  nuts 
were  an  important  wildlife  food  as  well  as  being 
extensively  marketed  for  human  consumption. 
In  the  years  since  the  chestnut  blight  was  dis- 

covered in  New  York  in  1904,  it  has  spread 
throughout  the  range  of  C.  de)itata  and  com- 

pletely destroyed  it  as  a  commercial  species.  A 
limited  amount  of  seed  can  still  be  obtained 

from  sprouts — from  blight-killed  trees — but  sel- 
dom do  these  sprouts  survive  long  enough  to 

produce  many  nuts.  Propagation  of  C.  dentata 
is  almost  futile  anywhere  within  the  natural 
range  of  the  genus,  and  although  the  search  for 
resistant  trees  started  about  1918  and  is  still 
going  on,  none  have  been  found. 

C.  crenata  and  C.  moUissima,  of  Asiatic  origin 
and  highly  resistant  to  the  blight,  and  C.  sativa, 
of  European  origin,  have  been  used  in  an  at- 

tempt to  replace  C.  dentata  as  a  timber  tree  and 
source  of  nuts.  C.  moUissima  is  the  most  promis- 

ing of  the  three  and  has  been  widely  planted 
throughout  the  eastern  United  States,  mostly  in 
orchards  for  nut  production.  The  chestnuts  are 
also  useful  as  ornamental  trees  in  lawns  and 
parks. 

Flowering  and  fruiting. — Castaiiea  is  mono- 
ecious,  but   individual    trees  are   largely   self- 

'  North  Central  Forest  Exp.  Stn. 

sterile  and  cross  pullination  is  necessary  to  en- 
sure good  seed  crops.  Two  distinct  types  of 

flowers  are  borne  on  the  present  year's  growth. 
Unisexual  male  catkins  appear  near  the  base  of 
the  flowering  branch,  while  nearer  the  apex,  bi- 

sexual catkins  are  found.  The  pistillate  flowers 
occur  singly  or  in  clusters  of  2-3,  near  the  base 
of  the  bisexual  catkin.  The  rest  of  the  catkin 
bears  male  flowers  that  reach  full  bloom  2-3 
weeks  after  those  on  the  unisexual  catkin.  The 

pistillate  flowers  reach  full  development  some- 
time between  these  two  periods  of  male  flower- 

ing (2).  Flowering  begins  in  April  or  May  in  the 
southeastern  States  (3)  and  in  June  in  the 
northeastern  states  (6). 

The  fruiting  structure  is  a  very  spiny,  globose 
involucre  (bur)  that  encloses  1  to  3  true  nuts 
(fig.  1).  The  nuts  begin  to  ripen  in  August  or 
September  in  the  southeastern  States  (3),  while 
in  the  northeastern  States  fruit  ripening  begins 
in  September  or  October  (6).  There  is  much 
variation  in  the  size,  color,  and  yield  of  nuts, 
even  among  trees  grown  from  seed  of  an  indi- 

vidual tree  (11,  table  2). 

The  nuts  are  generally  somewhat  flattened 
and  range  from  light  to  dark  brown ;  sometimes 
nearly  black  (i,  9).  The  nuts  of  C.  dentata  are 
small,  1  ■>  to  1  inch  wide  and  about  1  inch  long. 
The  exotic  species  bear  larger  nuts  that  are  % 
to  as  much  as  I14  inches  across.  The  embryo 
has  large  cotyledons  and  the  seed  contains  no 
endosperm  (fig.  2). 

Superior  strains  and  hybrids. — There  are  no 
named  superior  strains  of  forest  tree  chestnuts. 
There  are  however,  at  least  four  superior 
strains  of  C.  moUissima,  Abundance,  Ruling, 
Meiling,  and  Nanking,  that  have  been  selected 

Table  l. — Castanea:  nomenclature,  occurrence,  and  uses 

Scientific  names Common  names Occurrence 

Uses' 

crena/a  Sieb.  &  Zucc    Japanese  chestnut     Japan  .         
denfalfl  (Marsh.)  Borkh         American  chestnut     Southern  Maine  to  Michigan;  eastern 

Arkansas  and  southern  Alabama  to 

moUissima  Bl        Chinese  chestnut 
sativa  Mill          European  chestnut, 

Spanish  chestnut. 

Virginia. 
China,  Korea         -  -         - 
Southern  Europe,  western  Asia, 

north  Africa. 

H,  E. T,  H,  E. 

T,  H,  E. 
T.  H,  E. 

T :  timber  production,  H :  habitat  or  food  for  wildlife,  E :  environmental  forestry. 
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Figure  2. — Castanea  dentata,  American  chestnut:  longi- 
tudinal section  through  a  nut,  1.8   X. 

Figure  1. — Castanea  dentata,  American  chestnut:  fruit 
(bur)   and  nut,  1   X. 

for  the  quality  of  their  nuts  and  are  extensively 
propagated  for  orchard  purposes  (8). 

Much  hybridization  work  has  been  done  in 
an  attempt  to  find  a  blight  resistant  hybrid  with 
forest  tree  form  and  fast  growth  that  will  re- 

place C.  dentata.  Some  progress  has  been  made 
and  a  few  crosses  have  produced  promising  off- 

spring (1).  Most  outplantings  are  not  yet  old 
enough  to  determine  whether  or  not  the  hybrids 
are  truly  blight  resistant. 

Collection  of  fruits. — Chestnut  fruits  are  per- 
ishable and  must  be  harvested  promptly  when 

ripe.  Harvesting  should  begin  as  soon  as  the 
burs  begin  to  split  open.  Fallen  nuts  or  burs 
may  be  gathered  from  the  ground  beneath  the 

trees  or  the  burs  may  be  picked  from  the  trees. 
The  mature  nuts  should  be  gathered  at  least 
every  other  day.  This  frequent  collection  is  espe- 

cially important  if  the  weather  is  hot  and  dry. 
Within  a  week,  nuts  on  the  ground  or  in  opened 
burs  on  the  tree  may  become  dry  and  hard  and 
lose  their  viability  (12). 

Storage  of  seed. — Because  of  the  perishable 
nature  of  chestnuts,  they  must  be  sown  or  stored 
promptly  after  harvesting  in  order  to  maintain 
viability.  Freshly  harvested  chestnuts  should  be 
cured  by  spreading  them  in  thin  layers  in  wire 
trays  and  keeping  them  out  of  direct  sunlight  in 
a  well-ventilated  place.  Curing  time  will  vary 

with  the  humidity;  usually  1-7  days  at  60°  to 
70°  F.  will  be  adequate  (6, 12).  Fresh  nuts  have been  stored  over  winter  in  a  moist  medium  at 

temperatures  of  30°  to  36°  F.  as  in  cold  strat- 
ification {1,  6,  8,  12).  Moisture  and  humidity 

during  storage  are  critical.  Moisture  content  of 

Table  2. — Castanea:  height,  year  of  first  cultivation,  and  cleaned  seeds  per  pound 

Species 
Height 

at 
maturity 

Year  of 

first cultivation 
in  U.S. 

Cleaned  seeds 

per  pound 

Data 
source 

C.crenata  (shrub)   
C.  dentata   
C.  mollissima  ^   

Feet 
to  35 

70-100 
70 

70 

1876     
1800         
1853 

Number 
15 

100-162 
23-100 

15 
6 
10 
S 

C.  sativa^^     Before  1880 6 

Bears  large  crops  annually  in  orchards  beginning  at  about  8  years  of  age. 
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the  nuts  should  be  about  40-45  percent  and 
relative  humidity  in  the  storage  container 
should  be  maintained  at  close  to  70  percent.  If 
the  nuts  get  too  dry,  they  become  hard  and  lose 
their  viability;  if  too  much  moisture  is  present 
they  will  mold  or  decay  (13). 

Although  chestnuts  have  been  stored  for  a 
year  or  more,  it  is  generally  not  advisable  to 
store  them  for  more  than  6-8  months,  because 
of  losses  from  decay  (6).  Nuts  stored  for  longer 
periods  may  also  begin  to  germinate  while  in 
storage. 

Pregermination  treatments. — Castanea  seed 
requires  a  period  of  after-ripening  or  stratifi- 

cation to  overcome  seed  dormancy  before  they 
will  germinate.  In  normal  practice,  over-winter 
storage  under  cold,  moist  conditions  will  be  more 
than  adequate  to  overcome  dormancy.  If  nuts 
are  planted  in  the  fall,  no  stratification  is  neces- 

sary, but  nuts  should  be  kept  in  cold  storage 
until  planted. 

Germination  tests. — Stratified  nuts  of  C.  niol- 
lissima  have  been  germinated  in  a  moist  medium 

at  temperatures  of  60°  to  70'^  F.  Germinative 
energy  after  28  days  was  92  percent  and  ger- 

minative capacity  after  42  days  was  100  percent 
(1).  The  International  Rules  (5)  for  testing 
seeds  of  C.  f;afiva  recommend  soaking  seeds  in 

water  for  48  hours,  cutting  off"  one  third  of  the 
seed  at  the  end  with  the  scar,  removing  the 
testa,  and  germinating  the  seed  segments  in 
moist  sand  at  diurnally  alternating  tempera- 

tures of  86°  F.  (day)  and  68°  F.  (night)  over 
a  21-day  period. 
I  Nursery  practice. — Castanea  nuts  may  be 
planted  in  either  the  fall  or  spring.  Fall  planting 
.should  be  done  in  September  or  October  with 

jnuts  that  have  been  cui'ed  and  kept  in  cold  stor- 
ijage  from  the  time  they  are  harvested  until  they 
ijare  planted  (6,  7).  Nuts  to  be  planted  in  the 
*spring  should  be  stratified  overwinter  and 
planted  as  early  as  the  soil  can  be  worked  (7). 

Both  fall  and  spring  planted  nuts  .should  be 
'sown  1-2  inches  deep  and  spaced  3-4  inches 
apart  in  rows  3-6  inches  apart  in  the  nursery 
beds.  Beds  planted  in  the  fall  should  be  mulched 
with  1-4  inches  of  coarse  hay  or  straw  (6,  7). 
This  mulch  should  be  removed  in  the  spring 
when  the  nuts  begin  to  germinate.  If  there  is 
idanger  of  rodent  damage  to  the  planted  nuts 

they  should  be  protected  by  wire  screens,  or  the 
rodent  population  controlled  with  baits  or  repel- 
lants. 

Generally,  about  80  percent  of  the  nuts  sown 
will  produce  plantable  seedlings.  After  one  year 
in  the  seedbeds,  seedlings  may  be  transplanted 
or  field  planted  in  permanent  locations  {6,  7). 
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Fagaceae — Beech  family 

CASTANOPSIS  (D.Don)  Spach 

bv  R.  L.  Hubbard  ^ 

chinkapin 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Castanopsis  includes  about  30  species  of 

evergreen  shrubs  or  trees.  But  only  two  species 
and  one  variety  are  native  to  North  America 
and  they  are  limited  in  their  distribution  to  the 
West  Coast  States  (table  1).  The  remaining 
representatives  of  the  genus  are  native  chiefly 
to  the  tropical  and  subtropical  mountains  of 
southern  and  eastern  Asia. 

C.  chrysophylla  reaches  heights  of  50  to  150 
feet  (4).  C.  chrysophylla  var.  minor  is  an  ever- 

green shrub  w^hich  reaches  a  height  of  3  to  15 
feet  at  maturity  and  is  found  at  higher  eleva- 

tions and  in  a  drier  habitat  than  is  the  typical 
variety.  In  certain  localities,  plants  are  found 
varying  from  shrubs  to  large  trees  (2).  Castan- 

opsis sempervirens  is  a  spreading  shrub  1  to  8 
feet  high  at  maturity  {2,  ̂ ).  Several  species  of 
chinkapin  have  been  cultivated  since  1845  for 
ornamental  purposes,  some  produce  lumber, 
some  are  useful  for  erosion  control,  and  most  of 
them  provide  nuts  which  are  food  for  wildlife 
(5),  Both  of  the  shrubby  chinkapin  are  con- 

sidered low  value  forage  plants. 
Flowering  and  fruiting. — Chinkapin  flowers 

are  unisexual,  with  the  staminate  and  pistillate 
flowers  being  borne  on  the  same  plant.  The 
staminate  flowers  are  borne  in  groups  of  three 
in  the  axils  of  bracts  forming  densely  flowered 
erect  cylindrical  catkins  1  to  3  inches  long.  One 
to  three  pistillate  flowers  are  borne  in  an  in- 

volucre, usually  at  the  base  of  the  staminate 
catkins  or  borne  in  short  separate  catkins.  The 
fruit  consists  of  one  to  three  nuts  (figs.  1  and  2) 
enclosed  in  a  spiny  bur.  The  nuts  mature  in  fall 
of  the  second  year  (table  2)   {2). 

Collection,  extraction,  and  storage. — Collec- 
tors sPiould  hand-pick  the  burs  in  late  summer 

or  early  fall,  after  they  are  ripe  but  before  they 
open.  The  collected  burs  should  be  spread  out  to 
dry  in  the  sun,  or  a  warm  room.  After  drying, 
they  may  be  run  through  a  fruit  disintegrator 
or  shaker  to  separate  the  nuts  (.5).  The  number 
of  nuts  per  pound  are  as  follows : 

C.  chrysophylla    830-1100  (5) 
C.  chrysophylla  var.  minor. ._         700  (3) 
C.  sempervirens         1200  (5) 

When  stored  in  sealed  containers  at  41°  F., 
Castanopsis  seeds  retain  their  viability  well  for 
at  least  2  years,  and  probably  longer.  Viability 
of  one  sample  of  C.  chrysophylla  seed  stored  in 
this  manner  dropped  only  from  50  to  44  percent 
in  5  years  (5). 

^  Pacific  Southwest  Forest  and  Range  Exp.  Stn. 
Figure  1. — Castanopsis  semervirens.  Sierra  chinkapin^ nuts,  2   X. 

Table  1. — Castanopsis:  nomeyiclature,  occurrence,  and  uses 

Scientific  names  and  synonyms 

C.  chrysophylla  (Dougl.)  A.  DC. 
Casfanea  chrysophylla  Dougl. 

C.  chrysophylla  var.  minor 
(Benth.)  A.  DC. 

C.  sempervirens  (Kell.)  Dudley 

Common  names Occurrence 

Sierra  chinkapin, 
bush  chinkapin. Uses' 

golden  chinkapin  Coast  Range  of  California,  Oregon  and  W,  H,  E. 
Washington. 

         Common  in  the  Coast  Range  of  Califor-  W,  H. 
nia  and  sparse  on  west  slope  of  the 
Sierra  Nevada. 

Mountains  of  California  and  Oregon  at  W,  H,  E. 
elevations  from  1500  to  12,500  ft. 

W :  watershed ;  H :  habitat  or  food  for  wildlife ;  E :  environmental  forestry. 
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Figure  2. — Castanopsis  chrysophylla,  golden  chinkapin: 
longitudinal  section  through  a  nut,  5   X. 

Germination. — Germinative  capacity  of  un- 
treated seeds  of  C.  chrj/sophyUa  in  3  tests 

ranged  from  14  percent  to  a  high  of  53  percent. 
For  C.  sempervire)ts,  germination  was  30  per- 

cent in  25  days  (.5).  Germination  is  hypogeal 
(fig.  3)  and  usually  takes  place  16  to  24  days 
after  sowing  (3).  Cold  stratification  did  not 
increase  germination  (5). 

Nursery  practice. — Relatively  little  informa- 
tion is  available  on  nursery  techniques  for  chin- 

kapins. Seed  have  been  covered  by  about  2  inches 
of  soil  (5).  There  are  problems  of  survival  after 
emergence.  The  Rancho  Santa  Ana  Botanic  Gar- 

dens in  California  attempted  to  raise  all  three 

Table  2. — Castanopsis:  phenology  of  flowering 
and  fruiting 

„       .  Flowering      .^ruit  Seed        p 
Species  j^t^g        npemng  dispersal  ̂ ^^^^^ dates  dates 

C.  chrysophylla 
June- Aug.- Feb. Sept 

C.  chrysophylla 
June- 

Sept.- var.  minor. Sept. Oct. 
C.  sempervirens 

July- Aug. 
do 

Fail 

Fall 

Figure  3. — Castanopsis  scmcrvircns,  Sierra  chinkapin: 
seedling  at  1  month,  actual  size. 

native  chinkapins.  Some  survived  through  one 
or  more  potting  stages,  but  none  survived  from 
outplantings  (1).  Propagation  by  layering, 
grafting,  or  budding  is  feasible  (5). 

Literature  Cited 

(1)  Everett,  P.  C. 
1957.  A  summary  of  the  culture  of  California 

plants  at  the  Rancho  Santa  Ana  Botanic  Gar- 
den 1927-1950.  223  p.  Rancho  Santa  Ana  Bo- 

tanic Garden,  Claremont,  Calif. 

(2)  McMinn,  H.  E. 
1959.  An  illustrated  manual  of  California 

shrubs.  663  p.  Univ.  Calif.  Press,  Berkeley 
and  Los  Angeles. 

(3)  Mirov,  N.  T.,  and  Kraebcl,  C.  J. 
1937.  Collecting  and  propagating  the  seeds  of 

California  wild  plants.  USDA  Forest  Serv., 
Calif.  Forest  and  Range  Exp.  Stn.,  Res. Note  18,  27  p. 

(4)  Munz,  P.  A.,  and  Keck,  D.  D. 
1959.  A  California  flora.  1681  p.  Univ.  Calif. 

Press,  Berkeley  and  Los  Angeles. 
(5)  USDA  Forest  Service. 

1948.  Woody-plant  seed  manual.  U.S.  Dep. 
Agric.  Misc.  Publ.  654,  416  p. 
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CASUARINA 

Casuarinaceae — Casuarina  family 

CASUARINA  L.  Casuarina 

by  David  F.  Olson,  Jr.^  and  E.  Q.  P.  Petteys  - 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Casuarina  is  the  only  genus  in  the  Casuarina 

family.  It  is  composed  of  about  35  species, 
chiefly  Australian,  but  a  few  species  are  Indo- 
Malayan.  Casuarina  trees  are  evergreen  angio- 
sperms,  resembling  conifers,  with  thin  crowns 
of  drooping  branches  and  with  leaves  reduced 
to  scales  (3,  9).  Three  species  of  this  genus  have 
been  introduced  successfully  into  continental 
United  States  and  Hawaii  (table  1)  (1).  Casiia- 
rina  equisetifolia,  especially,  is  often  planted  as 
a  windbreak  around  citrus  groves  in  Florida, 
and  as  an  ornamental  in  parks  and  gardens  (P). 
It  was  first  introduced  into  Hawaii  in  1882  {6). 
The  bark  has  been  used  in  tanning,  in  medicine, 
and  for  the  extraction  of  dye.  The  fruits  have 
been  made  into  novelties  and  Christmas  decora- 

tions {3).  The  wood  is  hard  and  heavy  but  is 
seldom  used  commercially  in  the  United  States. 

Flowering  and  fruiting. — Casuarinas  are 
monoecious.  Minute  male  flowers  are  crowded  in 
rings  among  grayish  scales.  Female  flowers  lack 
sepals  but  have  pistils  with  small  ovaries  and 
threadlike  dark  red  styles  {3).  The  multiple 
fruit  is  conelike,  about  Vii  to  •%  inch  (8  to  18 
mm.)  in  diameter  (fig.  1),  and  is  composed  of 

'  Southeastern  Forest  Exp.  Stn. 
'  Hawai  Division  of  Forestry. 

individual  fruits,  each  surrounded  by  two  brac- 
teoles  and  a  bract  that  splits  apart  at  maturity 
and  releases  one-winged,  light  brown  samara 
(figs.  1  and  2).  The  preripe  fruit  color  for  the; 
genus  is  green  to  gray  green,  becoming  brown 
when  ripe  (6).  In  warm  climates,  flowering  and 
fruiting  occur  throughout  the  year.  Conse- 

quently, time  of  seed  collection  varies  from 
place  to  place  {3,  8).  The  peak  of  the  flowering 
period  appears  to  be  April  through  June,  with 
fruiting  from  September  through  December 
(4,  6,  8).  Minimum  seed  bearing  age  is  4  to  5 
years,  and  good  seed  crops  occur  annually  {U,  8). 

Collection  of  fruits,  extraction,  and  storage 
of  seeds. — The  multiple  fruits  may  be  picked 
from  the  trees  or  shaken  onto  canvas  or  plastic 
sheets.  The  fruits  should  be  spread  out  on  racks 
to  dry,  and  the  samaras  may  be  separated  from 
the  fruits  by  shaking  and  screening  (8).  Sam- 

aras are  used  as  seeds  and  numbers  per  pound 
are  listed  in  table  2.  Seeds  of  C.  equisetifolia 
have  been  successfully  stored  for  up  to  24 

months  at  temperatures  of  20"  and  35°  F.,  with moisture  contents  from  6  to  16  percent  (5).  In 
Hawaii  seed  storage  in  sealed  polyethylene  bags 
at  34°  F.  has  been  successful  (8). 

Germination  tests. — Seeds  in  a  moist  medium 
have  germinated  after  exposure  to  light  for  16 
hours  per  day  for  4  to  6  weeks  (table  3).  No 
pregermination  treatment  is  needed   (2,  X,  8). 

Table  1. — Casuarina:  nomenclature,  occurrence,  and  uses I Scientific  names  and  synonyms Common  names Occurrence 

Uses' 

Casuarina  Cunningham iana  Miq. 
Casuarina  tenidssima  Hort. 

river-oak  casuarina,  ironwood, 
Cunninp:ham  beefwood. 

Casuarina  equisetifolia  L.         horsetail  casuarina,  shortleaf 
ironwood,  horsetail  beefwood, 
Australian  pine. 

Casuarina  glauca  Sieb    longleaf  casuarina,  longleaf 
ironwood. 

Australia,  New  Caledonia, 
Hawaii,  southern  United 
States,  California. 

Australia,  tropical  Asia; 
Florida,  Hawaii. 

Australia,  Hawaii          

S,  E. 

S,  E. 

S,  E. 
S :  shelterbelt,  E :  environmental  forestry. 
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Table  2. — Cas^mrina:  cleaned  seeds  per  pound 

CASUARINA 

Species Place  of  collection Range 

Number 
C.  cunning hamiana    United  States   

Argentina   
Morocco    200,000-250,000 

C.  equisetifolia     California   
tropical  Africa     _  _ 
arid  areas     300,000-450,000 
Hawaii      323,500-377,500 

C.  glauca...        California 
Hawaii   

'  Moisture  content  was  9.0  to  9.5  percent  (2). 

323,500-377,500 

Average 

Number 

687,000 
750,000 

378,000 
300,000 

372,000 

444,700 
350,500 

Samples 

Number 

1 

•1 

'1 

Data 

source 

i-4mnn 

2  X 8  X 

Figure  1. — Casuarina   cunning  hamiana,  river-oak  cas- 
uarina:  left,  multiple  fruit,  2  x  ;  right,  samara,  8  X. 

Nursery  practice. — In  Hawaii,  seeds  of  C. 
equisetifolia  and  C.  glauca  are  broadcast  in 
spring  and  covered  with  about  14  inch  of  soil 
(8).  Recommended  seedling  density  is  20  to  30 
per  square  foot.  Mulching  is  not  required.  Seed- 

lings may  be  lifted  and  planted  when  4  to  6 
months  old.  In  South  Africa,  seedling  yield  aver- 

ages 8,000  plants  per  pound  of  seed  for  C.  cun- 
ninghamiana  (4). 

■0 

Figure  2. — Casuarina   cunninghamiana,  river-oak  cas- 
uarina: longitudinal  section  through  a  samara,  20  X. 

Table  3.- -Casuarina: 

gei 

minatio) I  test  conditions and  residts 

I               Species 

Germination  test  conditions 
Daily 

light 

period 

Medium - Temperature -   Duration 
Germinative                        Data 

capacity            Purity     source 
Average  Samples 

Day 

Night 

|C.  cunning haraiana 

Hours 
16 Kimpak   

Sandperlite 
72-86 

°F. 

68-72 

Days 

28-42 
27-31 

Percent    Number  Percent 
44-55              5            100             2 

85             2                           10 
C.  equisetifolia 

0.  glauca   

16        Sand  +  perlite        72-86         68-72  30-34  4  98 
16          do    72  72  34         32-48  24 
16         do    86  68  29  57  2  97 
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Literature  and  Other  Data 
Sources  Cited 
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1949.  Manual  of  cultivated  plants  most  com- 

monly grown  in  the  continental  United 
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Rome,  Italy. 
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(10)   USDA  Forest  Service. 
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CAT ALP A 

Bignoniaceae — Trumpetcreeper  family 

CAT  A  LP  A  Scop.  Gatalpa 

by  F.  T.  Bonner  ^  and  David  L.  Graney  ̂  

Growth    habit,    occurrence,    and    use. — The 
captalpas  include  about  10  species  of  deciduous, 
or  rarely  evergreen,  trees  native  to  North 
America,  the  West  Indies,  and  eastern  Asia  (4). 
Two  deciduous  species,  Catalpa  hUinonioides 
and  C.  speciosa  (table  1),  are  native  to  the 
United  States  and  have  been  planted  quite 
widely  outside  their  native  range,  especially  C. 
speciosa.  Mature  trees  of  both  species  attain 
heights  of  30  to  60  feet  (3,  5).  Both  have  been 
grown  to  some  extent  in  Europe.  Catalpas  are 
used  in  shelterbelt  and  ornamental  plantings 
and  have  minor  value  as  timber  trees,  mainly 
for  posts  and  small  poles. 

Flowering  and  fruiting. — Attractive  clusters 

I  of  purplish,  perfect  flowers  of  both  species  are 
'borne  in  May  and  June  (5).  Fruits  of  the  two 

j  species  ripen  in  October,  and  good  crops  are 
I  borne  every  2  to  3  years  beginning  at  about  age 

'  Southern   Forest    Exp.    Stn. 

20  (5,  7,  !)).  Mature  fruits  are  round,  brown, 
2-celled  capsules,  6  to  20  inches  long  (fig.  1).  In 
late  winter  or  early  spring  the  capsules  split 
into  halves  to  disperse  the  seeds  (.5).  Each  cap- 

sule contains  numerous  oblong,  thin,  papery, 
winged  seeds  1  to  2  inches  long  and  about  V4, 
inch  wide  (fig.  2).  Removal  of  the  papery  outer 
seedcoat  reveals  an  embryo  with  flat,  round 
cotylendons  (fig.  3). 

Collection,  extraction,  and  storage. — Fruits 
should  be  collected  only  after  they  have  become 
brown  and  dry.  When  dry  enough,  the  seeds 
can  be  separated  by  light  beating  and  shaking. 
Pods  of  C.  speciosa  collected  in  February  and 
March  had  seeds  of  higher  quality  than  those 
collected  in  the  fall  (7).  In  terms  of  size,  seeds 
of  C.  bif/}ioiiioides  are  .slightly  smaller  than  seeds 
of  C.  speciosa  (table  2).  Dry,  cold  storage  is 
satisfactory  for  both  species,  at  least  for  over- 
v/inter.  Long-term  storage  has  not  been  studied, 
but  C.  bignonioides  seeds  are  i-eported  to  keep 
well  for  at  least  2  years  (7). 

Table  1. — Catalpa:  nomenclature  and  occurrence 

Scientifiec  names  and 
synonyms Common  names Occurrence 

Year  of 
first 

cultivation 

bignoniodes  Walt   
C.  catalpa  (L.)  Karst. 
C.  syringaefoUa  Sims. 
C.  cordifolia  Moench. 

'£.  speciosa  Warder 

southern  catalpa,  common 
catalpa   Indian-bean. 

northern  catalpa,  hardy 
catalpa,  western  catalpa, 
western  Catawba-tree. 

Southwestern  Georgia  and  Florida  to  Loui-  1726 
siana;  naturalized  to  New  England,  Ohio, 
Michigan,  and  Texas. 

Southwestern  Indiana  and  Illinois  to  south-  1754 
ern  Missouri  and  western  Tennessee; 
naturalized  in  Verginia,  West  Virginia, 
Ohio,  Kansas,  and  south  to  Texas  and 
Louisiana. 

Table  2. — Catalpa:  cleaned  seeds  per  pound  and  other  yield  data 

Species Place  of  collection 

Yield  of 
seed  per 

100  pounds     _ 
of  fruit 

Cleaned seeds  per  pound 
Data 

source Range Average 
Samples 

/.  bignonioides  _. 

7.  speciosa   

_    Florida        

     Minnesota     _ 
Prairie  States 

Pounds 
35 

10-25 
25-35 

Number 

14,800-18,200 
14,000-37,000 
13,359-21,910 
13,600-36,600 
16,000-30,000 

Number 

16,500 
20,000 

21,000 

Number 
2 

7  + 

24 

6 
7 
6 
2 
7 
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C.  bignonioides 
southern  catalpa 

Figure  1. — Catalpa  bignonioides,  southern  catalpa:  capsule  and  leaf,  %   X. 

C.  speciosa 
northern  catalpa 

Figure  2. — Catalpa  speciosa,  northern  catalpa :  seed,  4  X . I 
Germination  tests. — Seeds  of  catalpa  germi- 

nate promptly  without  pretreatment.  Tests 
should  be  made  on  wet  germination  paper  for 

21  days  with  68°  night  and  86°  F.  day  tempera- 
tures; light  is  not  necessary  {!).  Other  moist 

media  also  are  satisfactory.  Germinative  capac- 
ities in  excess  of  90  percent  (25+  samples) 

have  been  obtained  in  about  12  days  with  good 
quality  seed  {6,  8).  Germination  is  epigeal,  and 
the  emerging  2-lobed  cotyledons  look  like  4 
leaves  (fig.  4). 

Nursery  practice. — Catalpa  seeds  should  be 
sown  in  late  spring  in  drills  at  the  rate  of  about 
30  per  linear  foot,  and  covered  with  Vs  inch  of 
soil.  Stratification  or  other  pretreatment  is  not 
needed.  A  pine  needle  mulch  is  recommended 
for  C.  bignonioides  (7).  In  Louisiana,  this 
species  starts  germination  about  12  days  after 
March  sowing  and  germination  is  about  80  per- 

cent. Nematodes,  powdery  mildews,  and  the 
catalpa  sphinx  may  give  trouble  in  the  nursery. 
Catalpas  are  normally  planted  as  1-0  stock  (7). 
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Figure  3. — Catalpa  speciosa,  northern  catalpa:   longi- 
tudinal section  through  a  seed,  3  X . 

Literature  and  Other  Data 
Sources  Cited 

(1) 

(2) 

(3) 

(4) 

(5) 

(»3) 
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1965.  Rules  for  testing  seeds.  Proc.  Assoc.  Off. 

Seed  Anal.  54(2):   1-112. 
Engstrom,  H.  E.,  and  Stoeckeler,  J.  H. 

1941.    Nursery   practice   for   trees    and    shrubs 
suitable   for   planting   on   the   prairie-nlains. 
U.S.  Dep.  Agric.  Misc.  Publ.  434,  159  p. 

Little,  Elbert  L.,  and  Delisle,  Albert  L. 
1962 .  Flowering,  size,  growth  rate  and  life 

span :  forest  trees,  North  American.  Table 
103:  In  Biological  handbook  on  growth.  P.  L. 
Altman  and  D.  S.  Dittmer  (eds.).  Fed.  Amer. 
Soc.  Exp.  Biol.,  Wash.,  D.  C. 
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Ed.  2,  996  p.  The  Mcmillan  Co.,  New  York. 
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1965.    Manual   of  the  trees  of   North   America 
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Figure  4. — Catalpa  bignonioides,  southern  catalpa: 
seedling  development  at  1,  5,  8,  and  20  days  after 

germination. 

(8) 

1948.    Woody-plant    seed    manual.    U.S. 
Agric.  Misc.  Publ.  654,  416  p. 

Dep. 

Data  filed  1966.  Eastern  Tree  Seed  Lab.,  Ma- 
con, Ga. 

(9)    Vines,  Robert  A. 
1960.  Trees,  shrubs,  and  woody  vines  of  the 

Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- tin. 
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CEANOTHUS 

Rhamnaceae — Buckthorn  family 

CEANOTHUS  L.  Geanothus 

by  Merton  J.  Reed  ̂  

Growth  habit,  occurrence,  and  use. — McMinn 
{33)  in  his  1942  taxonomic  revision  of  the  genus 
recognized  55  species,  25  varieties,  and  11 
named  natural  hybrids,  all  restricted  to  the 
North  American  Continent.  Most  of  them  are 
found  along  the  Pacific  Coast  of  the  United 
States,  and  only  two  are  found  east  of  the 
Mississippi  River  {12,  Ih,  17,  2h,  25,  33).  Cea- 
nothi  are  mainly  evergreen  or  deciduous  shrubs 
or  small  trees  {33).  Some  species  have  been 
cultivated  for  many  years.  Many  are  used  as 
ornamentals,  and  many  prostrate  or  semipros- 
trate   forms   as   urban-yard   stabilizing   cover. 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

especially  in  California.  Ceanothi  are  important 
as  wildlife  food  and  shelter,  in  erosion  control, 
as  hedges  and  shelterbelts,  and  in  environmental 
forestry.  Ceanothus  integerritmis  is  rated  as 
one  of  the  most  important  summer  browse 
species  in  California  for  deer  and  cattle  {25). 
Many  species  bear  root  nodules ;  three  of  these 
species  have  been  shown  to  increase  soil  nitro- 

gen {11)  benefiting  their  own  growth  and 
growth  of  nearby  vegetation. 

No  information  is  available  on  the  develop- 
ment of  geographic  races.  But  such  would  be 

expected  in  widely  distributed  species,  such  as 
C.  americanus  and  those  having  a  wide  eleva- 
tional  distribution  (table  1)  {33). 

Table  1. — Ceanothus:   nomenclature,  occurence,  and  uses;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

C.  americanus  L. New-Jersey-tea,  Jersey- 
tea,  redroot. 

feltleaf  ceanothus,  is- 
land-myrtle, Catalina 

ceanothus. 

mountain  whitethorn, 
snowbush. 

C.  crassifolius  Torr     hoaryleaf  ceanothsus 
C.  verrucosus  var.  cras- 

sifolius K.  Bdg. 

C.  arboreous  Greene    
C.  veluti7ijis  Dougl.  var. 

arbor eus  (Greene) 
Sarg. 

C.  arboreus  var. 
glaber  Jeps. 

C.  cordulatus  Kell   

Dry  woods,  Ontario  to  Mani-         W.  E 
toba,  Maine  to  North  Dakota 
southward  to  Florida  and 
Texas. 

Larger  islands  Santa  Barbara      H,  E  . 
Channel,  California. 

C.  cuneatus  (Hock)  Nutt.      buckbrush  ceanothus, 
wedgeleaf  ceanothus, 
hombrush,  buckbrush. 

C.  diversifolius  Kell     trailing  ceanothus, 
C.  decumbens  Wats.  Calistoga  ceanothus. 

C.  fendleri  A.  Gray       Fendler  ceanothus, 
buckbrush. 

C.  greggii  A.  Gray    desert  ceanothus    

Baja  California  and  mountains 
of  southern  California  north- 

ward to  southwest  Oregon, 
east  to  Nevada. 

Cismontane  California,  1,000- 
5,000  ft.  elevation,  dry  slopes 
southern  and  Baja  Cali- 
fornia. 

Inner  coast  range  and  Sierra        H,  W,  E. 
Nevada  foothills  300-4,000 
ft.  elevation,  California 
north  into  Oregon  and  to 
Baja  California. 

Westside  central  Sierra  Ne-  H,  W,  E_ 
vada,  spotty  in  northern 
coast  range,  3,000-6,000  ft. 
elevation,  California. 

South  Dakota  to  New  Mexico 
and  Arizona. 

West  Texas  to  southern  Cali-        H,  W,  E. 
fornia  and  northern  Mexico. 

M.  J.  Reed. 

Do. 

W,  E-         H.  J.  Gratkowski. 

W,  E,  H        M.J.  Reed. 
Do. 

Do. 

H,W,  E        H.  G.  Reynolds. Do. 
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Table  1. — Ceanothus:  nomenclature,  occurrence ,  and  uses;  data  compilers — Continued 
Scientific  names  and 

synonyms 
Common  names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

C.  itnpressus  Trel.- 

C.  integerrimus  H.  and  A. 
C.  anddsonii  Parry. 

Santa  Barbara 
ceanothus. 

deerbrush  ceanothus, 
sweet-birch,  blue 
bush,  deerbrush. 

.  oliganthus  Nutt.  in  T.        hairy  ceanothus      
andG. 

C.  hirsutus  Nutt. 
C.  divaricatus  Nutt. 

.  prostratits  Benth       squaw  carpet  ceanothus, 
C.  prostratus  var.  laxus         mahala  mat,  squaw 
Jeps.  mat,  squaw  carpet. 

C.  rigidus  Nutt   
C.  verrucosus  var. 

rigidus  K.  Bdg. 
C.  rigidus  var.  paUens 

Sprague. 
C  sanguineus  Pursh   

C.  oreganus  Nutt. 

C.  sorediatus  H.  and  A. 
C.  intricatus  Parry. 

C.  thyrsiflorus  Eschsch. 
C.  bicolor  Raf. 
C.  elegans  Lem. 
C.  thyrsiflorus  var. 

chandteri  Jeps. 

C.  velutinus  Dougl." 
C.  laevigatus  (Hook.) 

Torr.  and  Gray. 

Monterey  ceanothus 

redstem  ceanothus, 

Oregon-tea  tree. 

jimbrush  ceanothus, 
jimbrush. 

blueblossom,  wild  lilac 

snowbrush  ceanothus, 

mountain  balm,  sticky- 
laurel,  tobacco  bush, 
varnish-leaf  ceanothus 
snowbrush. 

Coastal  areas  in  Santa  Bar- 
bara and  San  Luis  Obispo 

counties  of  California. 

From  2,000-  to  4,000-ft.  eleva- 
tion in  northern  California, 

Oregon,  Washington;  to 
5,000-7,000  ft.  in  southern 
California. 

California  coastal  ranges  of 
San  Luis  Obispo,  Santa 
Barbara  counties  and  San 
Gabriel  Mts.  below  3,500  ft. 

Sierra  Nevada  and  northern 
coast  range  to  Calavaras 
Co.,  Calif.,  higher  mountains 
Oregon  and  Washington, 
3,000-7,000  ft. 

Coastal  bluffs  Monterey  Co., 

Calif.,  north  through  Mendo- 
cino Co. 

Northern  California,  Oregon, 

Idaho,  Washington  to  south- 
ern British  Columbia. 

California  coast  ranges  Los 
Angeles  Co.  and  Riverside 
to  Humboldt  Co.,  500-2,500 ft. 

Coastal  mountains  Santa  Bar- 
bara Co.,  Calif.,  to  Douglas 

Co.,  Ore.;  sea-level-1,500  ft. 

Coast  ranges  British  Colum- 
bia to  Marin  Co.,  Calif. ; 

Siskiyou  Mtns..  Calif.,  east 
to  southwest  Alberta,  Mon- 

tana, South  Dakota,  Colo- rado. 

E    M.J.  Reed. 

W,  H,  E 

H,W,  E 

W,  E 

H,  W,  E 

H,  W,  E 

H,  W,  E 

H,E 

H,S,  E 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Peter  F.  Stickney, 
G.  H. 
Gratkowski. 

E:  environmental  forestry,  H:  habitat  or  food  for  wildlife,  S:  shelterbelt,  W:  watershed. 
Includes  Ceanothus  velutinus  var.   laevigatus   (Hook.)   Torr.  &  Gray. 

Flowering  and  fruiting. — Flowers  are  small, 
bisexual,  regular,  blue,  white,  purple,  lavender, 

'  or  pink,  borne  in  racemes,  panicles,  or  umbels. 
The  five  sepals  are  somewhat  petallike,  united  at 

j  the  base  with  a  glandular  disk  in  which  the 
j  ovary  is  immersed.  The  five  petals  are  distinct, 
I  hooded,  and  clawed ;  stamens  five,  opposite  the 
{petals,  with  elongated  filaments.  The  ovary  is 
!  three-celled,  three-lobed  with  a  short  three-cleft 
style.  Fruit  is  drupaceous  or  viscid  at  first  but 
soon  dries  up  into  a  three-lobed  capsule  (fig.  1), 
separating  when  ripe  into  three  parts.  Flower- 

ing and  fruiting  dates  for  the  species  discussed 
here  are  given  in  table  2.  Seeds  are  smooth, 
varied  in  size  among  species  (figs.  2  and  3,  table 
3),  and  convex  on  one  side.  Ceanothus  arboreus 
is  reported  to  begin  bearing  seed  at  one  year 
(33)  and  C.  crassifolius  at  five  (6).  Information 
for  the  other  species  is  lacking.  Ceanothus  fend- 

C.  americanus 
New  Jersey  tea 

C.  velutinus 
snowbrush 

Figure  1. — Ceanothus:   capsules,  4    X. 
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tfii  1 '' 

^ 

C.  americanus 
New  Jersey  tea 

• 

C.  cuneatus 
buckbrush  ceanothus 

C.  arboreus 
feltleaf  ceanothus 

C.  cordulatus 
mountain  whitethorn 

C.  crassifolius 
hoaryleaf  ceanothus 

• t 
C.  impressus 
Santa  Barbara  ceanothus 

§ 
C.  p rostra tus 
squawcarpet  ceanothus 

C.  sored i a  tus 
jimbrush  ceanothus 

C.  integerrimus 
deerbrush  ceanothus 

• 

C.  thyrsiflorus 
blueblossom 

w 
C.  oliganthus 
hairy  ceanothus 

w 
C.  velutinus 
snowbrush 

Figure  2. — Ceanothus:   seeds,  6    X 

lerl  and  C.  greggi  are  reported  to  have  good 
seed  crop  years  annually. 

Collection,  extraction,  and  storage. — Several 
useful  points  on  collecting  ceanothus  seeds  have 
been  described  (33).  Seed  should  be  collected 
only  from  vigorous  plants.  Weak,  diseased 
plants  do  not  produce  sound  seed.  To  obtain 
plants  true  to  type,  seeds  should  be  collected  in 
the  wild  or  from  isolated  garden  plants  because 
many  species  hybridize  freely.  The  common 
method  of  seed  collection  is  to  tie  cloth  bags — 
preferred  to  paper — securely  over  clusters  of 
green  seed  pods.  As  the  capsules  split,  the 
ripe  seeds  are  ejected  with  considerable  force. 
Seed-pod  clusters  should  never  be  cut  as  the 
seed  pods  will  not  ripen  properly.  Few  pre- 

maturely collected  seeds  will  germinate. 
If  necessary  the  seed  can  be  separated  from 

capsule  fragments  by  screening  and  fanning 
(8).  Or  seeds  can  be  passed  through  a  fanning 
mill  and  floated  (18).  Number  of  cleaned  seeds 
per  pound  ranges  from  33,000  to  181,000,  de- 

pending  on    the    species    (table    3).    Adequate 
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information  on  storage  is  not  available,  but 

sealed  containers  kept  around  40°  F.  may  be 
satisfactory.    Seed    is    apparently    long-lived; 

■2.5  mm 

seedcoat 

cotyledons 

hypocotyl 
radicle 

endosperm 

Figure     3. — Ceanothus     americanus,     New-Jersey-tea: 
longitudinal  section  through  a  seed,  20   X. 
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Table  2. — Ceanotkus:  phenology  of  flowering  and  fruiting,  height,  and  year  of  first  ctdtivation 

Species 

Phenology 

Flowering 
dates 

Fruit-ripening 
dates 

Data 

sources 

Height 
at maturity 

Year  of 
first 

culti- 

vation 

Data 

sources 

C.  americar'us     May-July      Aug. 
C.  arboreus       Feb.-Aug        May- 
C.  cordulatus:   

Calif      May^une    July- 
Oreg    June-July    Aug. 

C.  crassifolius     Jan.-June      May- 

C.  cuneatus       March-June      Apri' C.  diversifolius          spring    June 
C.  fendleri,  Ariz.  _  .  _      Apr.-Oct     Aug. 
C.  greggii,  Ariz.        Mar.-Apr      July 

(3,000-5,000  ft.) 
C.  hnpressus      Feb.-Apr.         June 
C.integerrimus      Apr.. -Aug    June 
C.  oliganthus      Feb.-Apr.      May- 
C.  prostratus     Apr.-June      July 
C.  rigidus     Dec. -Apr.         May 
C.  sanguineus      Apr.-June     June 
C.  sorediatus     Mar.-Apr.      May- 
C.  thyrsiflorus    Jan.-June      Apr. 
C.  veiutinus :     

Calif.           -    June-Aug.       July 
northern  Idaho 

(2,300  ft.)       May20-July25  July 
western  Mont. 

(5,400  ft.)       June  25-July  15  Aug. 
southwest  Oreg.           May-July      July- 
Utah                                      Aug. 

-early  Oct. 
early  Oct. 

31,33 
3,  28,  31 

Sept    15,  28,  33 
-Sept    8 
June  _-.   -  -  16,31 
-June    30,27 
-July    16,2U,31 
-Dec    Ih 
   lU 

31 -Aug.        31,32 
June          15,16,2U 
       IJf 
-June    30,16,23 
July        31,33 
-July       15,16,33 
-July      ...  15,24,31,33 -Aug. 

16 

15-Aug.  1  29 
27 

8 
18 

10-Sept.  10 
Sept   1-Aug.  30 

Feet 
iy2-3y2 
10-30 2-8 

4-10 
3-15 

1  or  less 
1/2-3 

2-6 
3-18 
4-25 

1/6-1/2 
3-7 
5-10 

3-18 4-26 

2-8 

1713 

1911 

1927 
1848 

1941 
1893 

1850 

1847 

1812 

1837 
1853 

33 

23,33 
33 

15,2^,25,33 
15,24 

U 
33 

7, 13,  33 15,33 
15,33 

24 

15,  31 

15 
24,31,33 12,  31 

viable  seed  of  C.  veiutinus  has  been  found  in 
surface  soil  of  forest  stands  between  200-300 
years  old  {9). 

Pregerinination  treatments.— Dormancy  oc- 
curs in  seeds  of  most  of  the  ceanothi.  Germina- 
tion has  been  induced  by  a  hot  water  soak,  a 

period  of  cold  stratification,  or  both  (table  4). 
Seeds  of  species  found  at  high  elevations,  ger- 

minate better  when  both  treatments  are  used 
(33).  Stratification  is  accomplished  by  storing 
seeds  in  a  moist  medium  for  periods  of  30  to  90 

days  at  temperatures  of  34"  to  41"  F.  In  lieu  of cold  stratification,  a  chemical  treatment  with 
gibberellin  and  thiourea  was  used  to  induce  ger- 

mination of  C.  cuneatus  (2;  and  table  4,  foot- note 2). 

Table  3. — Ceanothus:  cleaned  seeds  per  pound 

Species Range Average 
Samples Data  sources 

30, 

31 

16, 

28 

13, 

16 

16, 

31 

16, 

31 

16 
U 

31 

16, 

31 

16, 

20 

16, 
22, 

23 
16 

18, 

28 

16, 

22 

16, 

28 

8, 

16, 

18, 

28 

C.  americanus  _. 
C.  arboreus   
C.  cordulatus   
C.  crassifolius... 
C.  cuneatus   
C.  diversifolius.. 

p.  greggii   
jC.  impressus   
C.  integerrimus. 

p.  oliganthus   
C.  prostratus   
C  rigidus   
C.  sanguineus 
C.  sorediatus   
C.  thyrsiflorus... 
'^  veiutinus   

Number 

96,000-132,000 
48,000-  50,000 

141,000-179,400 
33,000-  65,000 
36,000-  56,000 

58,000-  81,000 
62,000-  73,000 
37,000-  44,500 

128,000-132,000 
121,000-122,000 
48,000-181,400 
61,400-152,000 

Number 

112,000 

49,000 
166,000 

53,000 
49,000 
84,000 
23,000 

111,000 
70,000 

67,000 
41,000 
72,000 130,000 

94,000 

Number 
5 
2 
4 
3 
3 
1 

1 
2 
2 
3 
1 
2 
2 
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Table  4. — Ceanothus:  •pregermination  treatments  and  germination  test  results 

Pregermination  treatments 
Hot  water  soak 

Species Temper- ature 

Time Cold 
stratification 

period 

Germination 

test        — 
duration 

Germinative 
capacity 

Data  source 

Average    Samples 

C.  americanus   

170- 
C.  arboreus    175- 
C.  cordulatus   
C.  crassifolius   

C. cuneatus   

C.  diversifolius   

170- 
C.  fendleri   
C.greggii   
C.  impressus    170- 
C.  integerrimus   

C.  oliganthus   
C.  prostratus....     

170- 
C.  rigidus   

C.  sanguineus   

C.  sorediatus   

C.  thyrsiflorus-     

C.  velutinus       

•212 -195 

hot 
160 
160 
160 
212 
hot 
■212 

212 

■212 

185 
175 

212 
175 
212 
■212 

160 
212 
190 

212 
212 
160 

160 

194 
175 
212 

Minutes 
0 

to  cool 
do 
do do 

do 
do 
1 

to  cool do 

0 
1 

to  cool 
do 
do 
1 

to  cool 
0.5 

to  cool 
do 
1 

to  cool C) 

5 
5 

to  cool 
to  cool 

(=) 
to  cool 
to  cool 

5 

Days 

90 

60 
0 
0 

90 
0 

90 n 

90 
60 
0 

30-60 
60 
56 
90 
0 
0 

115 
90 
0 
0 

60 
112 
90 
0 

90 
0 
0 

63-84 
90 
90 

Days 

50 
30 

40-112 

21-90 
90 

21-90 

94 
60 

17 
30 

20 
20 

70 

30 
60-112 

60 12 
30 
30 

60 
60 
60 

30 

30 

Percent 
65 
32 
90 

70 
76 
48 
92 

86 
61 
61 
16 

51 
73 

100 
85 

fair 
62 

92 
71 
85 fair 

good 

25 
100 
38 

83 
73 
46 

82 
70 

good 

Number 
4 
1 

3  + 
1  + 

1  + 

1  + 

1 

1  + 

1  + 

1 

1  + 

1 

1  + 
i+ 
2  + 

1 

1  + 

1 

1  + 

1 
1 
1 

2  + 

1 

31 

20,  31 5 

20,  31 

31 
17,  20,  31 2 
16 

31 

32 

h,   5 

31 
21 
31 
31 

16,  31 

21 

31 

20,  31 31 
10 
19 

20,  31 31 

20,  31 31 
31 
31 

31 

31 

'  Time  "to  cool"  (to  room  temperature)  varied  from  several  hours  to  overnight. 
"  In  place  of  cold  stratification,  seeds  were  soaked  in  400  ppm  gibberillin  for  13  hours,  dried  for  4  days,  and  soaked 

for  one  hour  in  3  percent  thiourea  {2).  Seeds  may  then  be  germinated  or  dried  again  and  stored. 

^  In  place  of  the  hot  water  soak,  seeds  were  immersed  in  sulfuric  acid  for  one  hour  {23,  31). 

Heat  had  a  direct  effect  on  the  germination  of 
seeds  of  C.  velutinus  var.  laevigatus  (9).  When 
seeds  were  exposed  to  drying  conditions  at 
normal  air  temperature,  the  hilum  functioned 
as  a  one-way  hygroscopic  valve  which  allowed 
moisture  to  pass  out,  but  prevented  resorption. 
Heat  treatment  caused  a  permanent,  irrever- 

sible opening  of  the  hilar  fissure  which  rendered 
the  seed  permeable  to  water.  This  may  account 
for  the  abundant  germination  of  C.  cuneatus 
and  C.  velutinus  observed  after  wildfire.  The 
seedcoat  proper  was  impermeable  to  moisture, 
but  heat  did  not  alter  its  impermeability. 

Germination  tests. — Germination  test  condi- 
tions are  not  well  defined  for  most  species  of 

ceanothus.  Sand  or  a  mixture  of  sand  and  soil 
has  been  used  as  the  moisture  supplying  medium 
in  most  of  the  reported  germination  tests  (J^,  20, 

30).  Diurnally  alternating  temperatures,  86°  F. 
in  light  and  68°  in  darkness,  have  been  effective 
{31),  but  constant  temperatures  of  50°  F.  {30) 

and  76°  (4)  also  have  been  suitable  for  ger- 
mination. A  need  for  light  has  not  been  reported. 

Germinative  capacities  resulting  from  specified 
pregermination  treatments  are  listed  in  table  4 
for  17  species. 

Nursery  and  field  practice. — Seeding  has  been 
done  in  flats  containing  a  medium  of  five  parts 
loam,  four  parts  peat,  and  three  parts  sand  {33). 
Leaf-mold  may  be  substituted  for  the  peat,  but 
the  peat  is  preferred  because  it  is  comparatively 
free  of  fungi.  Sand  is  needed  for  drainage,  a 
higher  proportion  being  used  in  the  seeding  than 
in  the  potting  medium.  Seedlings  are  sensitive 
to  sowing  depth.  As  rule  of  thumb,  sowing  of 
properly  pz*etreated  seed  should  be  at  depths of  about  twice  the  diameter  of  the  seed  at  its 
greatest  dimension.  In  one  trial,  C.  integerrimus, 
C.  lemmonii,  and  C.  cuneatus  emerged  best  when 
sown  at  depths  of  i/o  to  1  inch  and  shading 
favored  emergence  of  the  first  two  species  {1). 
Many  species  are  sensitive  to  damping  off,  so 
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for  safety,  soil  should  be  sterlized  {S3).  In 
California,  seeding  is  usually  done  in  November, 
December,  or  January.  Germination  is  epigeal 
(fig.  4). 
When  several  sets  of  true  leaves  have  formed 

the  seedlings  are  pricked  into  2-  or  3-inch  pots. 
A  good  potting  medium  is  five  parts  loam,  three 
parts  peat  or  leaf  mold,  and  one  part  sand.  {33). 
Care  must  be  taken  not  to  set  the  seedlings  too 
deep  in  the  soil.  Root  crowns  should  be  just 
below  the  soil  surface.  Seedlings  are  susceptible 
to  stem  rot  and  the  loss  will  be  great  if  young 
plants  are  kept  in  moist  soil  reaching  above  the 
root  crown.  The  root  development  should  be 
examined  from  time  to  time.  When  a  loose  root 
system  has  formed  on  the  outside  of  the  ball,  the 
plant  is  ready  for  shifting  to  a  larger  pot  or 
gallon  can.  It  is  best  to  discard  potbound  plants 
rather  than  to  carry  them  along. 

Planting  stock  of  C.  americanus,  C.  oligan- 
thus,  C.  thyrsiftorus,  and  C.  prostratns  var.  oc- 
cidentalis  has  been  produced  in  commercial 
nurseries  {33).  Cultural  notes  on  several  species 
follow : 

C.  arboreus  grows  best  in  coastal  areas  but  has  been 
cultivated  in  areas  with  hot,  dry  summers  {33). 

C.  fendleri  has  been  propagated  from  seed  sown  in 
the  spring  and  from  cuttings  in  autumn.  It  grows 
best  in  light,  well-drained  soils  (33). 

C.  oliganthus  has  been  cultivated  frequently  in  San 
Diego  and  San  Francisco,  California;  occasionally 
in  interior  valleys  (33). 

C.  prostratus  usually  is  propagated  by  layering. 
Seeds  germinate  fairly  readily  at  higher  temper- 

atures (33).  Keep  seedlings  in  a  dry  hot  house 
during  their  first  year  (16).  Water  with  rain  wa- 

ter if  possible  ('2Jf).  Cultivation  has  not  been  suc- 
cessful at  lower  elevations  of  California  {33). 

C.  prostratus  var.  occideutalis,  another  creeping 
Ceanothus,  responds  quite  readily  to  cultivation 
(33).  It  is  growing  in  Tilden  Regional  Park  near 
Berkeley  in  the  Coast  Range  (26). 

C.  rigidus  is  recommended  for  coastal  areas  in  Pa- 
cific Northwest  (33). 

C.  sorediatus  is  not  easily  cultivated  (33). 
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Pinaceae — Pine  family 

CEDRUS  Trew  True  cedars 

by  Paul  O.  Rudolf  ̂  

Growth  habit,  occurrence,  and  use. — The  true 
cedars,  consisting  of  four  closely  related  species 
of  medium-to-large  evergreen  trees,  are  native 
to  the  Syrian  Mountains,  the  Himalayas,  the 
Atlas  Mountains,  and  Cyprus  (1-^).  The  oily, 
sv^^eet-scented  wood  is  very  durable,  and  is  an 
important  source  of  timber  in  the  Himalayas 
and  North  Africa  (2).  In  addition,  an  oil  is 
obtained  from  the  distillation  of  Cedrus  wood. 
In  South  Africa  deodar  cedar  is  used  for  shelter- 
belts.  The  four  species  of  Cedrus,  three  of  which 
are  planted  to  some  extent  in  the  United  States, 
are  listed  in  table  1. 

Geographic  races. — Stock  of  C.  Uba)ii  grown 
from  seed  collected  at  the  highest  elevations 
where  the  species  occurs  in  Asia  Minor  has 
proved  hardy  in  Massachusetts,  whereas  stock 
from  other  sources  must  be  grown  farther  south 
(li).  The  hardiest  and  best-formed  trees  are 
reported  to  grow  in  the  Taurus  Mountains  of 
Turkey  (6).  C.  atkuitica  can  be  grown  as  far 
north  as  New  York  in  sheltered  positions,  while 
C.  deodara  can  be  grown  safely  only  in  Cali- 

fornia and  the  southern  States  (14).  It  is  pos- 
sible that  a  hardy  race  might  be  found  in  C. 

deodara,  which  grows  under  a  wide  range  of 
climatic  conditions. 

Flowering  and  fruiting. — The  male  and  fe- 
male flowers  of  the  true  cedars  are  borne  separ- 
ately on  the  same  or  separate  trees.  The  male 

flowers,  which  bear  pollen  only,  are  in  upright 

'  North  Central  Forest  Exp.  Stn. 

cylindrical  catkins  about  2  inches  long.  The 
female  flowers,  which  develop  into  cones,  are 
small,  upright,  ovoid  bodies,  greenish  or 
purplish  in  color,  and  about  one-half  of  an  inch 
long  and  1  inch  in  diameter.  Although  pollina- 

tion takes  place  in  the  summer  or  fall,  the  cones 
do  not  begin  to  grow  until  the  following  spring 
and  do  not  attain  full  development  until  the 
second  or  sometimes  the  third  year.  The  mature, 
barrel-shaped  cones  (fig.  1)  are  2  to  4  inches 
long,  erect,  brown  and  resinous ;  they  are  borne 
on  short,  stout  stalks  and  are  characterized  by 
numerous  closely  appressed,  very  broad  scales, 
each  containing  two  seeds  (table  2).  The  cones 
break  up  from  fall  to  spring  following  maturity, 
leaving  the  central  axis  on  the  tree  as  in  Abies. 
The  irregularly  triangular  mature  seed  is  rather 
soft  and  oily  and  has  a  membranous,  broad  wing 
.several  times  larger  than  the  seed  (figs.  2  and 
3).  Seeding  habits  of  the  various  species  appear 
in  table  3. 

Commercial  seed  bearing  of  C.  deodara  begins 
from  30  to  45  years  of  age,  and  good  seed  crops 
are  borne  every  3  years  with  light  crops  in  the 
intervening  years  (17).  The  seed  supply  of  this 
species  has  been  reduced  at  times  by  the  activi- 

ties of  birds  and  cone  weavils  (Euzophera 
cedreUa)  (17). 

Collection  of  fruits. — Cones  may  be  picked  di- 
rectly from  the  trees,  or  cone-bearing  twigs  may 

be  cut  from  standing  or  felled  trees  just  before 
ripening  is  complete  (4,  17).  Small  collections 
of  seed  may  be  made  also  by  raking  up  fallen 

Table  1. — Cedrus:  nomenclatvre,  occurrences  and  uses 

Scientific  names  and  synonyms Common  names Occurrence 
Uses 

\C.  atlantica  Manetti    Atlas  cedar, 
Algerian  cedar. 

Cyprian  cedar, 
Cyprus  cedar. 

C.  libani  var.  atlantica 
Hook  f . 

C.  brevi folia  ( Hook  f . )  Henry 
C.  Iiba7iivar.  brevi  folia 

Hook  f . 

C.  deodara  (Roxb.)  Loud    deodar  cedar, 
C.  libani  var.  deodara  Himalayan  cedar. 

Hook  f . 

C.  libani  Loud.      cedar-of-Lebanon   
C.  libanotica  Link. 
C.  cedrus  Huth. 

Atlas  Mts.  in  Algeria  and  Morocco  at  4,500        T,  E. 
to  7,200  feet;  planted  in  United  States. 

Mountains  of  Cyprus  from  3,000  to  5,000  T,  E. feet. 

Western  Himalayas  from  Afghanistan  to  T,  S,  E. 
Garwhal  at  5,500  to  10,000  feet;  planted 
in  United  States. 

Lebanon;  Taurus  and  Anti-taurus  ranges  T,  E. 
of  Turkey  at  4,300  to  10,000  feet;  planted 
in  United  States. 

'  T,  timber  production;  S,  shelterbelt;  E,  environmental  forestry. 
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Figure    1. — Cedrus    Hbani,    cedar-of-Lebanon :    mature 
cone,  1    X. 

J 

Figure  2. — Cedrus  Hbani,  cedar-of-Lebanon:  seeds  with 
wings,  2   X. 

-I5mm 

■0 

Figure  3. — Cedrus  brevifolia,  Cyprian  cedar:  longitudi- 
nal section  through  a  seed  and  exterior  view  of  a 

dewinged  seed,  4   X. 

Table  2. — Cedrus:  cone  characteristics,  height  at  matti.rity,  and  year  of  first  cultivation 

Species 
Cone  characteristics 

Ripe  color Length Width 
Height  at maturity Year  of  first 

cultivation 
Data 
source 

C.  atlantica... 
C.  brevifolia. 
C.  deodara..... 
C.  Hbani   

Inches  Inches  Feet 

Light  brown    .„    2.0  -2.75  1.75  30-130 
  do              2.8  1.60  25-80 
Reddish  brown   .^    2.75-4.0  2.0-2.5  50-165 
Grayish  brown     3.25-4.0  1.5-2.5  50-130 

Before 1840 

2,  U 

1879 

2,  10 
1831 lU,  17 1638 

10,  H 

Table  3. — Cedrus:  ■phenology  of  floivering  and  fruiting 

Species 
Flowering 

dates 
Cone  ripening 

dates Seed  dispersal 
dates 

Data 
source 

C.  atlantica. 
C.  deodara  _ 
C.  Hbani   

June  to  early  fall 
Sept.-Oct   
Summer  to  fall   

Sept.-Oct. -_      Fall  to  spring 
Sept.-Nov        Sept.-Dec   
Aug.-Oct    Fall  to  spring 

Jf,12,H 

12,17 
12,H,19 
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cone  scales  beneath  the  trees  {17).  A  bushel  of 
cones  weighs  from  27  to  35  pounds  and  yields 
about  3  pounds  of  cleaned  seed  {12). 

Extraction  and  storage  of  seeds. — The  cones 
of  C.  atlantica,  C.  brevifolia,  and  C.  lihani  have 
been  opened  after  soaking  them  in  warm  water 
for  48  hours  (4,  11).  Cones  of  C.  deodora,  how- 

ever, have  opened  when  dried  in  the  sun  {17). 
After  the  cone  scales  are  dry,  they  can  be  placed 
in  a  cone  shaker  to  remove  the  seeds.  Seeds  are 
then  dewinged  and  fanned  {2,  i).  Commercial 
seed  of  C.  atlantica  have  been  50  to  65  percent 
sound  {18).  Purity  of  commercially  cleaned  seed 
has  been  85  to  90  percent  (table  4). 

The  seeds  are  oily  and  do  not  keep  well  under 
ordinary  storage  conditions.  The  entire  cones  of 
C.  atlantica,  C.  brevifolia,  and  C.  lihani  have 
been  stored  dry  over  winter  with  satisfactory 
results  {Jf,  11).  Cedrus  seed  has  retained  viabil- 

ity for  3  to  6  years  when  dried  to  a  moisture  con- 
tent of  less  than  10  percent,  placed  in  sealed 

containers,  and  held  at  temperatures  of  30° 
to  38°  F.  (.5,  15). 

Germination. — The  seeds  exhibit  little  or  no 
dormancy  and  will  germinate  without  pretreat- 
ment.  However,  prechilling  or  cold  stratification 
at  37°  to  41°  F.  for  14  days  has  been  recom- 

mended to  hasten  results  {5,  6,  7,  8,  9,  12,  13). 
AGS  A  rules  for  Cedrus  {9)  specify  germina- 

tion tests  of  prechilled  seed  on  top  of  blotters  for 
21  days  at  68°  F.  ISTA  rules  (5),  however, 
specify  diurnally  alternating  temperatui*es  of 
68°  F.  (night)  and  86°  (day)  for  a  period  of  28 
days.  Light  apparently  is  not  needed.  Tests  may 
also  be  made  in  sand  flats.  Results  are  available 
for  three  species  (table  5).  Germination  is 
epigeal  (fig.  4). 

tA  only) 

Figure   4. — Cedrus    lihani,   cedar-of -Lebanon :    seedling 
development  at  1,  4,  and  8  days  after  germination. 

Table  4. — Cedrus:  cleaned  seeds  per  poiind  and  purity  of  commercial  seed 

Species 
Cleaned  seeds  per  pound 

Range Average 
Samples 

Commercial 
seed  purity Data  source 

Number  Number  Number  Percent 

C.  atlantica           3,400-8,200  6,300  38+  89 
C.deodara        2,300-5,900  3,700  180+  85 
C.libani      .        2,500-12,200  5,300  34+  87 

3,  4,  6,  12,  13,  11 
6,  12,  13,  16,  18 
3,  6,  12,  13,  18 

Table  5. — Cedrus:   germination  test  results 

Species 
Germinative  energy 

Amount        Period 

Germinative  capacity 

Average           Range 

"    Samples 

Data  source 

C.  atlantica   
C.  deodara   
C.  libani   

Percent 
          27 
           43 
           23 

Days 

20 
20 
20 

Percen t 

53 

66 

46 

Percent 9-74 

13-87 
13-92 

Number 

27  + 41  + 15  + 

6,  12,  13 
6,  13,  16 

C,  13 
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Nursery  practice. — Cedrus  seed  may  be  sown 
in  the  fall,  or  in  the  spring  in  drills  4  to  6  inches 
apart  at  a  rate  producing  25  to  35  seedlings  per 
square  foot  (6, 11,  12).  Some  authorities  recom- 

mend soaking  the  seed  for  2  to  3  hours  in  water 
at  room  temperature  before  sowing  (4,  11).  In 
northern  areas,  fall-sown  beds  should  be 
mulched  over  winter,  the  mulch  removed  early 
in  spring,  and  the  bed  racks  covered  with  burlap 
on  critical  spring  nights  to  prevent  freezing 
(6).  A  plant  percent  of  58  has  been  obtained 
with  C.  deodara  in  the  nursery  in  India  (16).  In 
semiarid  regions,  the  seed  have  been  sown  in 
containers  in  the  fall,  transplanted  into  other 
containers  during  the  winter,  and  kept  in  shaded 
beds  in  the  summer  to  produce  14-  to  IV? -year- 
old  planting  stock  (4).  In  India  this  age  class  of 
stock  is  grown  in  nursery  beds  (17).  Plants  in 
the  nursery  may  require  protection  from  white 
grubs,  cutworms,  and  damping-off  (17).  Cedrus 
species  can  also  be  propagated  by  veneer  graft- 

ing or  by  cuttings  of  adventitious  shoots  (1). 
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Celastraceae — Staff-tree  family 

CELASTRUS  SCANDENS  L.  American  bittersweet 

by  G.  W.  Wendel ' 

Other  common  names. — climbing  bittersweet, 
shrubby  bittersweet. 

Growth  habit,  occurrence,  and  use. — Ameri- 
can bittersweet  is  a  deciduous  climbing  or  twin- 
ing shrub  of  eastern  North  America  (1,  2).  It 

occurs  in  thickets,  in  stands  of  young  trees, 
along  fence  rows,  and  along  streams,  usually  in 
rich  soil.  It  occurs  naturally  from  southern 
Quebec ;  west  to  southern  Manitoba ;  and  south 
to  Oklahoma  and  central  Texas,  Arkansas, 
Tennessee,  northern  Alabama,  and  western 
North  Carolina  {!).  Some  authors  {2,  9)  re- 

ported it  in  Louisiana,  New  Mexico,  Georgia, 
and  Mississippi,  but  its  occurrence  has  not  been 
verified  in  Georgia,  Louisiana,  or  Mississippi 
(1). 

The  plant  is  valuable  for  ornamental  purposes 
and  game  food  and  cover;  the  bark  has  been 
used  for  medicinal  purposes  (.9).  Among  the 
animals  and  birds  feeding  on  American  bitter- 

sweet are  the  bobwhite  quail,  ruffed  grouse, 
ring-necked  pheasant,  cottontail  rabbit,  fox 
squirrel,  and  various  songbirds  (10).  It  was 
introduced  into  cultivation  in  1736  (9). 

Asiatic  bittersweet,  C.  orbiadatus  Thunb., 
has  become  naturalized  in  at  least  the  north- 

eastern United  States  south  to  Virginia  and 
perhaps  southward  (1,  2). 

Flowering  and  fruiting. — The  small  greenish, 
polygamo-dioecious  or  dioecious  flowers,  open 
from  May  to  June,  and  are  borne  in  racemelike 
clusters  at  the  end  of  branches  (1,  2).  Hymen- 
opterous  insects,  especially  bees,  seem  to  be  the 
main  pollinators,  although  wind  may  also  be 
involved  (1).  The  light  to  reddish  seed  are  about 
1/4  inch  long  and  are  borne  in  fleshy  arils,  two 
of  which  are  usually  found  in  each  of  the  two 
to  four  cells  composing  the  fruit,  a  dehiscent 
capsule  (fig.  1).  The  yellow  to  orange  capsules 
ripen  from  late  August  to  October.  They  split 
Dpen  soon  thereafter,  exposing  the  seeds  cov- 
2red  with  showy  red  arils  (figs.  2  and  3).  Good 
seed  crops  are  borne  annually  and  may  persist 

'  Northeastern  Forest  Exp.  Stn. 

on  the  bushes  throughout  much  of  the  winter 
(9).  In  Pennsylvania  one  seed  crop  failure  was 
reported  in  a  14-year  period  (7).  Sunlight  is 
reported  necessary  for  abundant  fruiting  to occur  (7). 

Collection  of  fruit. — The  ripe  fruit  should  be 
collected  as  soon  as  the  capsules  separate,  ex- 

posing the  arils,  or  from  about  mid-September 
as  long  as  they  hang  on  the  vines  (9)  but  rarely 
later  than  December  (10).  In  Pennsylvania,  the 
fruits  are  collected  from  late  October  through 
November  (7). 

Extraction  and  storage  of  seeds. — Collected 
fruits  should  be  spread  out  in  shallow  layers  and 
allowed  to  dry  for  2  or  3  weeks  (9).  In  Pennsyl- 

vania, the  fruit  is  allowed  to  air-dry  for  1  week 

Figure  1. — Celastnis  scandens,  American  bittersweet: 
fruiting  branch,  1  x. 
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Figure  2. — Celastrus  scandens,  American  bittersweet: 
seed  with  aril  removed,  8   X. 

'6  mm. 

lq 

Figure  3. — Celastrus  scayidens,  American  bittersweet: 
longitudinal  section  through  a  seed,  10   X. 

in  shallow  trays  (7).  The  seeds  are  then  removed 
from  the  capsules  by  flailing  or  running  the 
fruit  through  a  hammer  mill  with  water  (7,  9). 
Then  the  seeds  are  allowed  to  dry  for  another 
week  and  the  chaff  is  separated  by  windmilling 
(7).  The  dried  arils  are  left  on  the  seeds  (9) 
except  when  seeds  are  to  be  stored. 

American  bittersweet  has  4  to  8  seeds  per 
fruit.  On  the  basis  of  10  samples,  the  number  of 
seeds  per  pound  ranged  from  12,000  to  40,000 
with  an  average  of  26,000.  Average  purity  was 
98  percent  and  average  soundness  85  percent 
(9). 

In  Pennsylvania,  the  seed  is  usually  sown  in 
the  fall  soon  after  collection  and  extraction,  and 
is  stored  in  cloth  bags  until  used  (7).  For  longer 
storage  periods,  viability  has  been  retained  for 

4  to  8  years  by  cleaning  the  fleshy  material  from 
the  seed,  air-drying  at  low  humidity,  and  storing 
in  sealed  containers  at  a  temperature  between 
34°  and  38°  F.  U). 

Pregermination  treatments. — Seeds  of  Ameri- 
can bittersweet  have  a  dormant  embryo,  and 

thus  require  after-ripening  for  germination. 
There  is  also  some  evidence  that  the  seedcoat 
may  have  an  inhibiting  effect  on  germination 

(3,  9). Good  germination  is  obtained  by  fall  sowing 
or  by  stratification  in  moist  sand  or  peat  for 

2  to  6  months  at  41°  F.  (5,  7,  9).  It  seems  to 
make  little  difference  whether  cleaned  seed  or 
dried  fruit  is  sown ;  however,  it  appears  that 
both  cleaned  seed  and  fruit  should  be  dried  at 
room  temperature  for  2  to  3  weeks  before  they 
are  sown  (9). 

Germination  tests. — On  the  basis  of  six  tests, 
using  stratified  seed  in  sand  flats,  at  tempera- 

tures alternating  from  50°  to  77°  F.  germina- 
tive  capacity  ranged  from  a  low  of  9  to  a  high 
of  80  percent  in  30  days,  with  an  average  of 
47  percent.  Potential  germination  varied  from 
9  to  93  percent  (9).  Germination  in  American 
bittersweet  is  epigeal   (fig.  4). 

A  good  estimate  of  germination  can  be  ob- 
tained by  the  excised  embryo  method  (6).  The 

seeds  are  soaked  until  plump;  seedcoats  are 
removed  and  the  embryos  excised.  The  excised 
embryos  are  placed  on  moistened  filter  paper 
in  covered  petri  dishes.  A  room  temperature 

of  69°  to  72°  F.  appears  to  be  most  satisfactory. 
Viable  embryos  will  show  greening  of  the 
cotyledons,  will  remain  perfectly  white  in  color 
but  grow  larger,  or  will  exhibit  radicle  elonga- 

tion. Embryos  exhibiting  such  characteristics 
can  be  counted  as  being  from  healthy  seeds, 

capable  of  germinating  with  proper  after- 
ripening  treatment.  Five  to  twenty  days  are 
required  to  secure  approximate  germination 
by  the  excised  embryo  method. 

Nursery  practice. — In  Pennsylvania,  good  re- 
sults have  been  obtained  by  sowing  cleaned 

seed  in  the  first  fall  after  collection  and  extrac- 
tion. The  seed  are  broadcast  on  seedbeds  and 

firmed  in  with  a  roller;  then  covered  with  a 
mixture  of  sand  and  sawdust  (2  parts  sawdust 
to  1  part  sand).  The  beds  are  covered  with 
.shade  until  germination  occurs.  Germination 
usually  begins  about  20  days  after  conditions 
become  favorable  (7). 

Another  practice  is  to  stratify  cleaned  or 
dried  seed  in  the  pulp  in  January,  and  then 
sow  the  seed  in  the  early  spring.  Young  seed- 

lings are  somewhat  susceptible  to  damping-off 
(9).  Approximately  3,000  usable  plants  are  pro- 

duced per  pound  of  seed  (10). 
Propagation  by  root  cuttings,  layers,  or  stem 

cuttings  is  also  sometimes  practiced  (5). 
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(1) 

(2) 

(3) 

(4) 

(5) 
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Figure  4. — Celastrus  scandens,  American  bittersweet: 
seedling  development  at  1,  2,  5,  10,  and  39  days  after 
germination. 
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Ulmaceae — Elm  family 

CELTIS  L.  Hackberry 

by  F.  T.  Bonner i 

Growth    habit,    occurrence,    and    use. — The 
hackberries  comprise  a  large,  widespread  genus 
that  includes  about  70  species  of  shrubs  and 
trees  in  the  Northern  Hemisphere  ill).  The 
three  listed  in  table  1  are  medium  to  large 
deciduous  trees. 

Flowering  and  fruiting. — The  small,  greenish 
flowers  of  all  three  species  appear  in  the  spring 
as  the  new  leaves  emerge  (table  2).  These 
species  are  polygamo-monoecious  {3,  5,  13). 
Hackberry  fruits  are  spherical  drupes  14  to  1/2 
inch  in  diameter  with  a  thin  pulp  enclosing  a 
single  bony  nutlet  (figs.  1  and  2).  Good  seed 
crops  are  borne  practically  every  year,  and  the 
fruits  persist  on  the  branches  into  winter 
{3,  5,  11).  Other  seeding  data  are  shown  in 
tables  2  and  3. 

Collection  of  fruits. — Mature  fruits  can  be 
picked  by  hand  from  trees  as  late  as  midwinter. 
Collection  is  easier  after  all  leaves  have  fallen 
(11).  Limbs  of  C.  laevigata  can  be  flailed  to 
knock  the  fruits  onto  sheets  spread  under  the 
trees  {2).  Unless  they  are  collected  very  early 
in  the  season,  the  fruits  need  no  drying  ill). 

Extraction  and  storage.— Twigs  and  trash 
can  be  removed  by  screening  or  fanning,  and 
the  fruits  can  be  depulped  by  wet  maceration. 

W 

-f'' 

>•  ̂ 

C.  laevigata 
sugarberry 

Southern  Forest  Exp.   Stn. 

C.  reticulata 
netleaf  hackberry 

Figure  1. — Celtis:  left,  fruits  and,  right,  seeds,  4  X. 

Table  1. — Celtis:  nomenclature,  occurrence,  uses,  and  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses' 

Data  compilers 
for  the  species 

C.  laevigata  Willd.       
C.  mississippiensis  Bosc. 

C,  occidentalis  L. 
C.  crassifolia  (Lam.) 

C  reticulata  Torr   

sugarberry, 
sugar  hackberry, 
southern  hackberry. 

hackberry, 
common  hackberry, 
sugarberry. 

netleaf  hackberry, 
hackberry, 

western  hackberry, 

paloblanco. 

Virginia  and  Florida,  west 
to  southeastern  New 
Mexico  and  southern 
Kansas. 

New  Hampshire  and  North 
Dakota,  south  to 
Oklahoma  and  northern 
Georgia. 

Washington  and  Colorado 
south  to  west  Texas  and 
soutehrn  California. 

T,  H    L.  C.  Maisenhelder. 

T,  H,  S    Robert  D.  Williams. 

T, H,  S, E R.  A.  Read  and 
R.  Barth. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  S:  shelterbed,  E:  environmental  forestry. 
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The  last  step  is  not  essential,  but  it  has  been 
reported  to  aid  germination  of  all  three  species 
{10,  11).  Seed  yield  data  are  given  in  table  4. 
Dry  fruits  or  cleaned  seeds  store  equally  well 
in  sealed  containers  at  41°  F.  Dried  fruits  of 
C.  occidentalis  were  stored  in  this  manner  for 

5I/2  years  without  loss  of  viability  (11). 

Pregermination  treatments. — Hackberry 
seeds  exhibit  dormancy  that  can  be  overcome 
with  stratification  at  iv^  F.  in  moist  sand  or 
other  suitable  media.  C.  laevigata  and  C.  occi- 

dentalis should  be  treated  for  60  to  90  days 
(11),  while  C.  reticidata  requires  120  days  of 
stratification  (9).  Fermenting  the  fruits  for  3 
days  at  room  temperature  and  subsequent  de- 
pulping  prior  to  stratification  gave  excellent 
results  for  C.  occidentalis   (10). 

Germination  tests. — Germination  test  recom- 
mendations for  treated  seeds  are  the  same  for 

all  three  species  (table  5).  Untreated  seeds 
should  be  tested  for  90  days  (11). 

Nursery  practice. — Both  fall  sowing  of  un- 
treated seeds  and  spring  sowing  of  stratified 

seeds  are  satisfactory.  Seeds  may  be  broadcast 
or  drilled  in  rows  8  to  10  inches  apart  and 
covered  with  V->  inch  of  firmed  soil.  Beds  should 

Figure  2. — Celtis  occidentalis,  hackberry:  A,  exterior 
view  of  seed;  B,  transverse  section,  C,  longitudinal 
section.    ((5    X.) 

Table  2. — Celtis:  phenology  of  flowering  and  fruiting 

Species Flowering- dates Fruit  ripening- dates 
Seed  dispersal 

dates 

Data 

source 

C.  laevigata 
C.  occidentalis 
C.  reticulata^.  ^ 

Apr.-May  _  Sept.-Oct.          Oct.-Dec... 
do    -        do    ..       Oct.-winter 

Mar.-Apr.        late  fall         ..      fall-winter 

5 
3 

U,9 

Table  3. — Celtis:  height,  seed-bearing  age,  and  fruit  color 

Species 
Height 

at 
maturity 

Year  of 
first 

cultivation 

Minimum 
seed-bearing 

age 

Fruit  color 
Preripe Ripe 

Data 
source 

C.  laevigata  . 
C.  occidentalism 
C.  reticulata... 

Feet 

60-80 
30-130 
30-45 

1811 
165G 
1890 

Years 15 

green  reddish  orange  5,11,13 
orange  red         dark  purple  to  black  3,11,13 

    -    orange  red  or  yellow        7,8 

Table  4. — Celtis:  cleaned  seeds  per  pound  and  other  yield  data 

Species 

Fruits 

per pound 

Seeds 

per  100 
pounds of  fruit 

Cleaned  seeds  per  pound 

Range Average 
Samples 

Data 
source 

Number  Pounds  Number  Number  Number 

C.  laevigata.....             2,200  50-75  3,700-7,080                 6,000                     15  6, 11 
C.  occidentalis              2,050  40-75  3,500-5,400                  4,300                      12  11 
C.  reticulata                                              80  2,330-6,380                  4,870                        5  1,9,12 
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Table  5. — Celtis:  germinatio7i  test  conditions  and  results 

Germinative  test  conditions  ̂   Germinative 
Species    Temperature        Dura-        energy   

Day              Night             tion  Amount         Period 

°F.                 °F.               Days  Percent          Days 
C.  laevigata           86                  68                  60  30-50            25-30 
C.  occidentalis           86                  68                  60  39                  37 
C.  reticulata           86  68  60 

'  Media  used :  sand,  a  sand-peat  mixture,  or  a  sandy  loam  soil. 

Germinative 
capacity 

Average       Samples 

Data 

source 

Perceti  t 

55 

47 

37 

Number 

6  + 

7 
7 

12 
12 

9,12 

be  mulched  with  straw  or  leaves  held  in  place 
with  bird  screens  until  germination  starts. 
Germination  is  epigeal  (fig.  3).  Celtis  can  also 
be  propagated  by  cuttings  {11). 

Figure  3. — Celtis  laevigata,  sugarberry:  seedling  devel- 
opment at  1,  2,  and  5  days  after  germination. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 
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CEPHALANIHUS 

Rubiaceae — Madder  family 

CEPHALANTHUS  OCCIDENTALIS  L. 

by  F.  T.  Bonner ' 

Common  buttonbush 

other  common  name. — Buttonbush. 
Growth  habit,  occurrence,  and  use. — ^Common 

buttonbush  is  a  deciduous  shrub  or  small  tree 
that  grows  on  wet  lands  from  New  Brunswick  to 
Florida,  west  to  southern  Minnesota,  Nebraska, 
Oklahoma,  southern  New  Mexico,  Arizona,  and 
central  California.  It  also  occurs  in  Cuba,  Mex- 

ico, and  eastern  Asia.  In  the  southern  part  of 
its  range,  common  buttonbush  reaches  heights 
of  15  to  20  feet  at  maturity  (2),  but  it  is 
shrubby  in  other  areas.  The  seeds  are  eaten 
by  many  birds,  and  the  tree  has  some  value 
as  a  honey  plant  (6).  Cultivation  as  early  as 
1735  has  been  reported    (7). 
Flowering  and  fruiting. — The  perfect,  creamy- 

white  flowers  are  borne  in  clusters  of  globular 

heads  and  open  from  June  to  September  {?'). The  fruiting  heads  (fig.  1)  become  reddish 
brown  as  they  ripen  in  September  and  October. 
Single  fruits  are  14  to  1/^  inch  long  (fig.  2). 
Each  fruit  is  composed  of  2  or  occasionally  3 
or  4  single-seeded  nutlets  (fig.  3)  which  sep- 
eventually  from  the  base  (5). 

'  Southern  Forest  Exp.  Stn. 

Collection  and  extraction. — Collection  can  be- 
gin as  soon  as  the  fruiting  heads  turn  reddish 

brown.  Many  heads  disintegrate  after  they 
become  ripe,  but  some  are  persistent  through 
the  winter  months.  When  the  heads  are  dry, 
a  light  flailing  will  break  them  into  separate 
fruits.  Data  from  four  samples  of  scattered 
origin   showed   134,000   fruits   per   pound   and 

Figure  2. — Cephalanthus  occidentaHs,  common  button- 
bush :  single  fruit,  8  X . 

r6mm 

lq 

pen  carp 

seedcoat 

endosperm 

-cotyledons 

hypocotyl 

radicle 

Figure  1. — Cephalanthus  occidcntalis,  common  button- 
bush :  fruiting  heads  1  X . 

Figure  3. — Cephalanthus  occidentalis,  common  button- 
bush: longitudinal  section  through  the  two  nutlets  of 

a  single  fruit,  12  X. 
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a  range  of  118,000  to  160,000.  Purity  in  these 
seed  lots  was  96  percent  (^).  The  number  of 
seeds  per  pound  is  about  twice  the  number  of 
fruits.  Longevity  of  common  buttonbush  seeds 
in  storage  is  not  known. 

Germination  tests. — Common  buttonbush 
seeds  germinate  promptly  without  pretreat- 
ment.  Germination  is  epigeal  (fig.  4).  Results 
with  two  test  methods  on  seed  from  Louisiana 
and  Mississippi  were  as  follows: 

Louisiana  Mississippi 

Media        water  blotter 

paper 

Temperature   °F.....      75-90  85 
Light            yes  no 
Test  duration    days                30  10 
Germination 

capacity    percent                86  78 
Samples    number....              4  4 
Data  source              (1)  (3) 
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Leguminosae — Legume  family 

CERATONIA  SILIQUA  (L. Garob 

by  Robert  R.  Alexander  ^  and  W.  D.  Sheppard 

Other  common  names. — St.  Johnsbread,  locust 
tree. 

Growth  habit,  occurrences,  and  use. — Carob 
is  native  to  the  eastern  Mediterranean — from 
the  southern  coast  of  Asia  Minor  to  Syria 
(7,  8,  9).  Since  historic  times,  this  small  to 
medium — 25  to  50  feet  tall  (7) — broadleaf, 
evergreen  tree  has  been  cultivated  extensively 
as  a  forage  crop  on  a  wide  variety  of  soils  in 
Asian,  European,  and  North  African  countries 
along  the  Mediterranean  Coast  {!).  Introduced 
into  the  United  States  in  1854,  carob  has  done 
v^eW  only  in  warm  subtropical  climates  of  south- 

ern Florida,  the  Gulf  States,  New  Mexico, 
Arizona,  and  southern  California  where  annual 
rainfall  is  not  below  12-14  inches  {1,  U,  6).  It 
is  chiefly  valuable  in  the  United  States  as  an 
ornamental  evergreen  but  has  been  used  to 
some  extent  in  environmental  plantings  (11). 
Carob  pods — rich  in  protein  and  sugar — are 
a  highly  nutritive  livestock  feed,  comparable 
to  barley  and  superior  to  oats  (1,  6).  Carob 
gum,  which  surrounds  the  endosperm  of  the 
seed,  has  been  used  as  a  filler  and  thickening 
agent  in  a  variety  of  products.  Pods  also  have 
been  used  in  making  alcohol,  health  foods, 
carob  syrup,  and  medicines  such  as  laxatives 
and  diuretics  (3,  i,  6). 

Flowering  and  fruiting. — The  flowers,  borne 
in  small,  lateral,  red  racemes,  are  polygamo- 
trioecious  (10).  Flowers  bloom  from  September 
to  December  (California)  depending  on  the 
variety  and  the  weather  (1,  A).  The  fruit  is  a 
coriaceous,  indehiscent  pod  4  to  12  inches  long, 
0.25  to  0.75  inch  thick,  filled  with  a  sweet, 
pulpy  substance  bearing  5  to  15  obovate,  trans- 

verse, brown,  bony  seeds  about  0.25  inch  wide 
(figs.  1  and  2)  (1,4).  Fruits  ripen,  turn  dark 
brown,  and  begin  to  fall  from  September  to 
November  (California)  depending  on  the  va- 

riety of  the  fruit  and  the  weather  (1,  U,  6). 
Plants  begin  to  bear  fruit  when  6  to  8  years 

'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 

old,  and  crops  are  abundant  every  second  year 
(1).  Average  annual  yield  per  tree  at  maturity 
is  about  200  to  250  pounds  of  fruit  (J^,  6). 

Collection  of  fruits. — Fruits  may  be  collected 
on  the  ground,  or  the  ripe  pods  may  be  shaken 
from  the  trees  onto  sheets  of  tent  cloth  (i). 
Pods  shaken  from  the  tree  should  be  allowed 
to  remain  on  the  ground  for  2  to  3  days  until 
completely  dry  (6).  Because  of  their  high  sugar 
content,  pods  are  likely  to  become  moldy  and 
quickly  infested  with  a  small  scavenger  worm 
{Paramycelios  transitella  Walker)  if  wet 
weather  occurs  during  the  harvesting  season 
(4,  5,  6).  Since  the  worms  infect  the  pods  while 
they  are  still  attached  to  the  tree,  it  is  advisable 
to  limit  collections  to  dry  years. 

4r 
Figure  1. — Ccratonia  siliqua,  carob:   seed,  2    x. 

r-11mm 
^0 

Figure  2. — Ceratonia  siliqtia,  carob :  longitudinal  section 
through  a  seed,  3  X . 
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Extraction  and  storage  of  seed. — Seeds  are 
easily  extracted  after  the  pods  have  been  air- 
dried  for  a  few  days  (^,  7).  If  the  pods  are  to 
be  stored  for  a  time  before  extracting  the  seeds, 
they  should  be  fumigated  with  methyl  bromide 
{6).  One  hundred  pounds  of  fruit  yields  from 
5  to  14  pounds  of  cleaned  seeds  (5).  Cleaned 
seeds  average  from  2,000  to  2,500  per  pound 
{2,  7).  Soundness  appears  to  be  relatively  high 
— 80  percent  for  2  samples  {2).  Seeds  have 
remained  viable  for  as  long  as  5  years  when 
stored  dry  at  low  temperatures  in  sealed  con- 

tainers (7). 
Pregermination  treatments. — Seeds  sown 

from  recently  ripened  pods  germinate  well 
without  pretreatment,  but  if  the  seeds  dry  out 
they  become  very  hard  and  do  not  imbibe  water 
readily  H).  The  best  treatments  to  overcome 
seedcoat  impermeability  are  soaking  (a)  in 
concentrated  Hi;S04  for  1  hour  and  then  in 
water  for  24  hours,  and  (b)  in  water  which  is 

brought  to  212°  F.  and  then  allowed  to  cool 
for  24  hours  (7,  9).  With  small  lots  of  seeds, 
mechanical  scarification  is  also  effective  in  in- 

creasing the  rate  of  water  absorption  {It). 
Germination  tests. — Germination  tests  have 

been  run  in  moist  vermiculite  for  34  days  at 

70°  F.  {2)  The  germinative  energy  was  66 
percent  for  16  days,  the  germinative  capacity 
80  percent. 

Nursery  practice. — Seeds  should  be  scarified 
by  the  acid  or  hot  water  treatment  and  sown 
immediately  afterwards  in  sterile  soil  or  vermic- 

ulite under  partial  shade  {6,  9).  Seeds  can  be 
sown  in  either  the  spring  or  fall  (7).  Since  the 
long  taproot  is  easily  injured,  seeds  should  be 
sown  in  flats,  pots,  or  tar  paper  containers  {U, 
10).  When  ready  for  outplanting,  seedlings  can 
then  be  transferred  to  the  planting  site  with  the 

original  rooting  medium  intact  {10).  Some 
nurserymen  soak  the  pods  in  water  for  2  to  3 
days  and  then  plant  without  removing  the  seeds, 
but  germination  is  usually  low  (-4). 
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Leguminosae — Legume  family 

CERCIS  L.  Redbud 

by  Douglass  F.  Roy  ̂ 

Growth    habit,    occurrence,    and    use. — The 
seven  or  eight  species  in  the  genus  Cercis  are 
native  to  North  A.merica,  southern  Europe,  and 
southwestern,  central,  and  eastern  Asia  (inchid- 
ing  Japan).  These  are  deciduous  small  trees  or 
shrubs  with  slender  unarmed  branchlets  which 

lack  terminal  buds.  The  leaves  are  simple,  alter- 
nate, roundish  with  a  heart-shaped  base,  pal- 

mately  veined  with  3  to  9  prominent  nerves,  and 
with  long,  slender,  terete  petioles.  Two  species 
are  considered  here  (table  1). 

Eastern  redbud  (5,  6,  8,11,  16,  2U,  28,  31,  33) 
is  found  on  abandoned  farmlands,  cutover  wood- 

lands, or  in  forest  understories.  It  is  a  small  to 
medium-size  tree,  generally  25  to  35  feet  tall,  but 
occasionally  reaching  50  feet.  It  has  been  culti- 

vated since  1641  as  an  ornamental  tree  in  the 
northeastern  States,  and  occasionally  in  western 
Europe.  It  is  browsed  by  white-tailed  deer,  its 
seeds  are  eaten  by  birds,  including  bobwhite 
{32),  and  it  is  valuable  as  a  honey  plant  {31). 

California  redbud  {1,  H,  15, 17, 18,19,  21,23, 
25,  26,  32)  is  a  tall,  rounded  or  spreading  shrub, 
usually  with  many  long,  erect  stems  clustered  at 
the  base.  Generally  it  is  not  regarded  as  a  tree, 
but  occasionally  in  sheltered  places  grows  8  to 
20  feet  high  with  a  single,  smooth  grayish  trunk 
2  to  3  inches  through.  It  grows  on  well-drained 
and  slightly  acid  soils  of  foothills  and  flats,  com- 

monly in  open  woodlands  and  chaparral,  and 
generally  between  elevations  of  225  and  3,500 
feet,  but  sometimes  as  high  as  4,500  feet.  It  has 
been  planted  as  an  ornamental  throughout  the 
Pacific  Coast  region  {19,  23). 

Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

Young  leaves,  twigs,  sprouts,  and  pods  of 
California  redbud  are  browsed  in  varying 
amounts  by  sheep,  goats,  and  deer,  and  limitedly 
by  cattle.  Utilization  generally  is  not  heavy,  but 
California  redbud  is  moderately  important  as 
a  fall  and  spring  deer  food.  As  browse,  it  has 
been  rated  fair  to  poor  for  goats,  poor  for  sheep, 
and  poor  to  useless  for  cattle,  deer,  and  horses 
{23,  32).  The  roots  are  long  and  slender,  and 
taper  gradually.  Because  the  smaller  roots  are 
tough,  Indians  used  them  in  basketry  (^,  15). 
The  bark  is  astringent,  and  has  been  used  to 
cure  diarrhea  and  dysentery  (4). 

Flowering  and  fruiting. — Redbud  flowers  are 
brilliant  pink  to  reddish  purple  and,  rarely, 
white.  They  are  bisexual  and  are  borne  on  thin 
jointed  pedicels  in  short  lateral,  umbellike 
fasicles  from  the  old  wood  (including  trunks) 
and  cover  the  branches  with  a  brilliant  flame  of 
color  in  early  spring  before  the  leaves  appear. 

Fruits  (fig.  1)  are  stalked,  oblong  or  broad- 
linear,  flat  legumes  (pods)  with  two  thin,  re- 

ticulate-veined valves.  They  are  straight  on  the 
upper  edge  where  the  suture  is  winged,  curved 
on  the  lower  edge,  acute  on  the  ends,  tipped  with 
the  thickened  remnants  of  the  style  and  contain 
several  seeds. 

Seeds  are  small,  compressed,  obovate  to 
rounded,  brown,  and  hard.  Their  straight  em- 

bryos are  surrounded  by  endosperm  (figs.  1  and 
2).  Seedcoats  are  light  tan  to  dark  brown  and 
are  composed  of  small  thick- walled  cells  {3). 
Seeds  of  eastern  redbud  are  about  14  iri^h  long 
(6  mm),  and  those  of  California  redbud  are 
somewhat  larger. 

Table  1. — Cercis:  nomenclature,  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses  ■ 

C  canadensis  L. eastern  redbud,  redbud, 
Judas-tree. 

C.  occidentalis  Torr.            California  redbud,  Arizona 
C.  arizonica  redbud,  western  redbud. 
Rose  ex  N.  N.  Dodge 

C.  occidentalis 
var.  orbiculata 
(Greene)  Tidestrom 

Eastern  United  States:  Connecticut  E,  H 
to  Iowa  southward  to 
Texas  and  Florida. 

Utah,  Nevada,  California,  E,  H 
and  Arizona. 

'  H:  habitat  or  food  for  wildlife,  E:  environmental  forestry. 
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A      ̂ x B     /  X 

Figure  1. — Cercis  canadensis,  eastern  redbud:  A,  seed, 
4  X  ;  5,  pod,  1  X . 

Some  of  the  differences  between  species  in 
their  flowering  and  fruiting  characteristics  are 
tabulated  below. 

Itetn                      C.  canadensis  C.  occidentalis 

Flowering  dates     Mar.-May  15  Feb.-Apr. 
Fruit  ripening  dates  .     July-Aug    July-Aug. 
Pod  length    inches___    2-4    1 1/2-8 
Color  of  ripe  pods    Dark  reddish  dull  red  or 

purple  and  reddish 
lustrous.  brown. 

Minimum  seed-bearing 
age    years       5 
Frequency  of  good  seed 

crops      biennial  annual. 
Data  sources    6,10,16,24,  15,18,23,25, 

27,  32,  33  26,  32 

In  both  species  some  of  the  pods  open  on  the 
tree  in  late  autumn  to  release  a  few  seeds,  but 
many  pods  hang  unopened  on  the  tree  during 
most  of  the  winter. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Collection  of  eastern  redbud  seeds  gen- 

erally can  begin  in  late  summer  when  the  pods 
turn  dark  and  seeds  are  brown,  and  can  continue 
through  November  {31).  In  Oklahoma,  however, 
seeds  collected  in  the  late  fall  or  winter  invari- 

ably were  worthless  because  they  were  infested 
with  insects  (5).  Under  such  circumstances, 
therefore,  seed  collections  should  be  made  as 
soon  as  the  pods  are  ripe.  Pods  can  be  picked 
by  hand  from  standing  trees  or  dropped  onto  a 
canvas  by  shaking  or  flailing  the  branches  of 
the  tree.  Pods  are  then  placed  in  loosely  woven 
sacks  or  spread  to  air-dry  {31). 

If  redbud  pods  are  not  entirely  dry  when  col- 
lected, they  should  be  spread  thinly  and  dried  in 

sunlight  for  several  days  {3I^).  Seed  then  should 
be  threshed  from  the  dried  pods  and  separated 

from  the  chaff"  by  screening  and  fanning.  East- 
ern redbud  seed  cleaned  in  this  manner  averaged 

90  percent  in  purity  and  85  percent  in  soundness 
{31).  After  the  seeds  are  thoroughly  air-dried, 

endosperm 

cotyledons 

5mm 

Figure  2. — Cercis  canadensis,  eastern  redbud:  trans- 
verse section  through  a  seed  (above)  and  longitudinal 

section  (below),  10  X. 

they  can  be  stored  in  sealed  glass  or  metal  con- 
tainers at  a  temperature  between  35°  and  41°  F. 

{31,  3J^). 

Cleaned  seed  per  pound  and  other  yield  data 
are  tabulated  below. 

C.  cana-  C.  occi- Item  densis  den  talis 
Weight  of  a  bushel  of  pods  .pounds-  4 
Pods  per  pound   number...  ...  1,800 
Average  seeds  per  pod 

(Slots)      do    ....  3.65 
Seeds  per  bushel  of  pods  ..  .pounds                    1.77 
Seeds  per  100  pounds  of 

pods            do    20-25  44 
Seeds  per  pound : 
Low    number.  14,000  9,500 
High        do    25,000  14,700 
Average       do    18,000  12,200 
Samples      do    9  7-f 

Data  sources    31  20,22 

Pregermination  treatments. — Seeds  of  redbud 
have  hard,  impermeable  seedcoats  in  addition  to 
internal  dormancy.  Both  scarification  and  cold 
stratification  are  needed  on  most  seed  lots  before 
adequate  germination  will  occur  {2,  12,  31,  3i). 

A  common  method  for  scarifying  hard  seed- 
coats  is  soaking  the  seeds  in  concentrated  sul- 

furic acid  at  room  temperature  for  a  predeter- 
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mined  period.  After  treatment,  the  seeds  should 
be  washed  thoroughly.  Seeds  then  can  be  dried 
and  stored  for  several  months,  and  they  can  be 
sown  by  mechanical  seeders  because  they  are 
unswollen.  The  degree  of  hardness  in  the  seed- 
coat  varies  among  seed  lots.  The  immersion 
time  in  acid,  therefore,  must  be  predetermined 
on  small  samples  of  each  seed  lot  as  described 

in  chapter  6.  For  most  lots  of  I'edbud  seed  the 
necessary  immersion  time  is  between  25  and  60 
minutes  (12,  13).  When  immersion  is  too  long, 
seeds  are  damaged ;  and  when  too  short,  the 
seedcoats  remain  hard. 

Hot  or  boiling  water  also  is  effective  in  treat- 
ing impermeable  redbud  seeds.  Best  results  have 

been  obtained  by  submerging  seeds  in  boiling 
water  for  1  minute  (3,  32).  The  usual  hot  water 
treatment  consists  of  placing  the  seeds  in  a 
vessel,  adding  three  or  four  times  as  much  hot 

water  (180"  F.)  as  seeds,  and  allowing  the  seeds 
to  soak  overnight  in  the  gradually  cooling  water. 
By  morning  the  seeds  will  be  swollen  and  should 
be  stratified  or  planted  promptly  (7,  9,  20,  3U). 

Mechanical  scarification  has  been  highly  effec- 
tive in  treating  redbud  seeds  when  each  seed  was 

scratched,  cracked,  or  sandpapered  individually, 
but  no  mass  treatment  of  seeds  by  mechanical 
methods  has  been  reported  {3). 

Another  treatment  for  hard  seedcoats  in- 
volved baking  seeds  of  California  redbud  in  an 

oven  at  250°  F.  for  approximately  9  minutes. 
Subsequent  germination  was  52  percent  (54). 

Cold  stratification  time  required  to  break  in- 
ternal dormancy  also  varies  among  seed  lots  of 

redbud.  Recommended  stratification  times  at 

35°  to  41°  F.  are  5  to  8  weeks  for  eastern  redbud 
(5,  12,  31)  and  12  weeks  for  California  redbud 
\{12,  20,  32,  3If). 

Seeds  should  be  sown  promptly  after  stratifi- 
cation has  been  completed.  Germination  of  stra- 

tified seeds  of  eastern  redbud  was  reduced  when 
they  were  allowed  to  dry  at  temperatures  of 
75°-85°  F.  for  more  than  6  days  (5). 

Germination. — Pretreated  seeds  of  eastern 
redbud  have  been  germinated  over  a  tempera- 

ture range  of  33°  to  100°  F.  The  best  germina- 
tion obtained  in  a  normal  atmosphere  was  96 

percent  after  8  days  at  a  constant  temperature 

of  70°  F.  (5).  A  fourfold  increase  in  rate  of 
germination,  however,  was  obtained  on  samples 
that  were  germinated  in  an  atmosphere  of  pure 
Dxygen.  In  that  environment,  100  percent  of  the 
5eeds  germinated  in  only  2  days  {3). 

I  Temperatures  alternating  diurnally  from 

B8°  F.  at  night  to  86°  during  the  day  have  been 
jsed  to  germinate  seeds  in  sandflats.  In  2  tests 
jnder  these  conditions,  pretreated  seeds  of  east- 
rn  redbud  had  a  germinative  energy  of  70  to 

80  percent  in  8  to  14  days  and  germinative  ca- 
pacity of  76  to  85  percent  {31). 

For  pretreated  seed  of  California  redbud,  ger- 
mination percentages  of  60  to  70  are  among  the 

higher  ones  that  have  been  reported  (7,  20,  26). 
Nursery  practice. — Pretreated  seed  can  be 

sown  in  well-prepared  seed  beds  during  late 
April  or  early  May.  For  drilled  seed,  the  cover- 

ing of  firmed  mineral  soil  should  not  exceed  Vi 
inch  (31).  Broadcast  seed  can  be  covered  with 
up  to  i/o  inch  of  coarse  sand  {3 If). 

Fall  sowing  of  untreated  seeds  also  was  suc- 
cessful when  the  seeds  were  collected,  extracted, 

and  sown  before  they  became  dry.  In  this  case, 

slightly  green  pods  of  eastern  redbud  were  col- 
lected in  early  September.  The  seeds  were  ex- 

tracted and  sown  immediately.  During  the 

following  spring,  90  percent  of  the  seeds  ger- 
minated (29,  31).  Mulching  of  fall-sown  beds 

is  beneficial  but  the  mulch  should  be  removed 

in  the  spring  when  germination  starts.  Germina- 
tion is  epigeal  (fig.  3). 

The  average  number  of  usable  seedlings  pro- 
duced per  pound  of  eastern  redbud  seed  was 

1100  and  the  range  was  280  to  3200  (30). 
Redbud  has  been  propagated  vegetatively  by 

layering  and  rooting  of  stem  cuttings  (31). 

Figure     3. — Cercis     occidentalis,     California     redbud: 
Young  seedling  and  seedling  about  one  month  old. 

307 



CERCIS 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

Literature  and  Other  Data 
Sources  Cited 

Abrams,  LeRoy. 
1944.  Illustrated  flora  of  the  Pacific  States. 
Washinj^on,  Oregon,  and  California.  Vol. 
II.  Polygonaceae  to  Krameriaceae.  Buck- 

wheats to  kramerias.  635  p.  Stanford  Univ. 
Press. 

Afanasiev,  Michel. 
1939.  Acid  treatment  of  seeds.  Florists  Exch. 

Hortic.  Trade  World  92(22) :  11. 

1944.  A  study  of  dormancy  and  germination  of 
seeds    of    Cercis    canadensis.   J.    Agr.    Res. 
69(10):  405-420. 

Balls,  Edward  K. 
1962.  Early  uses  of  California  plants.  103  p. 

Univ.   Calif.   Press,  Berkeley  and  Los  An- 
geles. Brooks,  A.  B. 

1920.  West  Virginia  trees.  W.  Va.  Agr.  Exp. 
Sta.  Bull.  175,  242  p. 

Canadian  Department  of  Resources  Development, 
Forestry  Branch. 

1949.  Native  trees  of  Canada.  Ed.  4.  Can.  Dep. 
Resour.  Develop.  Forest.  Br.  Bull.  61,  293  p. 

Chan,  Frank  J. 
Correspondence,    September    24,    1968.    Univ. 

Calif.,  Davis. 
Curtis,  Carlton  C. 

1925.  A  guide  to  the  trees.  208  p.  Garden  City 
Publ.  Co.,  Inc.,  Garden  City. 

Emery,  Dara. 
1964.   Seed  propagation  of  native  California 

plants.    Leafl.    Santa    Barbara    Bot.    Gard. 
1(10):  81-96. 

Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. 
American  Book  Co.,  New  York. 

Harlow,  William  M.,  and  Harrar,  Ellwood  S. 
1941.  Text  book  of  dendrology  covering  the  im- 

portant forest  trees  of  the   United   States 
and    Canada.    Ed.    2,    542    p.    McGraw-Hill 
Book  Co.,  Inc.,  New  York  and  London. 

Heit,  C.  E. 
1967.  Propagation  from  seed.  Part  6:  Hard- 

seededness — a  critical  factor.  Am.  Nursery- 
man 125(10):   10-12,  88-96. 

1967.    Propagation   from   seed.    Part   8:    Fall 
planting  of  fruit  and  hardwood  seeds.  Am. 
Nurseryman  126(4):  12-13,  85-90. 

Jepson,  Willis  Linn. 
1925.  A  manual  of  the  flowering  plants  of 

California.  1,238  p.  Assoc.  Stud.  Store, 
Univ.  Calif.,  Berkeley. 

(15)   
1936.  A  flora  of  California.  Vol.  II.  Cappari- 

daceae  to  Cornaceae.  684  p.  Calif.  Sch.  Book 
Depository,  San  Francisco. 

(16)   Kentucky  Forest  Service. 
1929.  Forest  trees  of  Kentucky.  How  to  know 

them.  Ky.  Forest  Serv.  Bull.  6,  76  p. 

(17)  Little,  Elbert  L.,  Jr. 
1953.  Check  list  of  native  and  naturalized 

trees  of  the  United  States  (including  Alas- 
ka). U.S.  Dep.  Agric,  Agric.  Handb.  41, 472  p. 

(18)  McMinn,  Howard  E. 
1951.  An  illustrated  manual  of  California 

shrubs.  663  p.  Univ.  Calif.  Press,  Berkeley 
and  Los  Angeles. 

(19)    •  and  Maino,  Evelyn. 
1959.  An  illustrated  manual  of  Pacific  Coast 

trees.  409  p.  Univ.  Calif.  Press,  Berkeley 
and  Los  Angeles. 

(20)  Mirov,  N.  T.,  and  Kraebel,  Charles  J. 
1939.  Collecting  and  handling  seeds  of  wild 

plants.  Civilian  Conserv.  Corps  For.  Publ. 
5,  42  p. 

(21)  Munz,  Philip  A.,  and  Keck,  David  D. 
1959.  A  California  flora.  1,681  p.  Univ.  Calif. 

Press,  Berkeley  and  Los  Angeles. 
(22)  Roy,  Douglass  F. 

Data  filed  1968.  USDA  Forest  Serv.,  Pac. 
Southwest  Forest  and  Range  Exp.  Stn., 
Redding,  Calif. 

(23)  Sampson,  Arthur  W.,  and  Jespersen,  Beryl  S. 
1963.  California  range  brushlands  and  browse 

plants.  Univ.  Calif.  Agric.  Sci.  Manual  33, 162  p. 

(24)  Sargent,  Charles  S. 
1922.  Manual  of  the  trees  of  North  America 

(exclusive  of  Mexico).  Ed.  2,  910  p.  Hough- 
ton Mifflin  Co.,  Boston  and  New  York. 

(25)  Storer,  Tracy  I.,  and  Usinger,  Robert  L. 
1964.  Sierra  Nevada  natural  history.  374  p. 

Univ.  Calif.  Press,  Berkeley  and  Los  An- 

geles. 
(26)  Sudworth,  George  B. 

1908.  Forest  trees  of  the  Pacific  slope.  U.S. 
Dep.  Agric,  Forest  Serv.  441  p. 

(27)  Taber,  William  S. 
1937.  Delaware  trees.  A  guide  to  the  identifi- 

cation of  the  native  tree  species.  Del.  State 
For.  Dep.  Publ.  6,  250  p. 

(28)  Texas  Forest  Service. 
1928.  Forest  trees  of  Texas.  How  to  know 

them.  Tex.  Forest  Serv.  Bull.  20,  96  p. 
(29)  Titus,  G.  R. 

1940.  So-called  two-year  seeds  germinated  first 
year.  Am.  Nurseryman  72(11):  22. 

(30)  Trimble,  George  R.,  Jr. 
Data  filed  1969.  USDA  Forest  Serv.,  North- 

east. Forest  Exp.  Stn.,  Parsons,  W.  Va. 
(31)  USDA  Forest  Service. 

1948.  Woody-plant  seed  manual.  U.S.  Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

(32)  Van  Dersal,  William  R. 
1938.  Native  woody  plants  of  the  United 

States:  their  erosion-control  and  wildlife 
values.  U.S.  Dep.  Agric.  Misc.  Publ.  303, 
362  p. 

(33)  Virginia  Forest  Service. 
1948.  Common  forest  trees  of  Virginia.  How 

to  know  them.  Ed.  12.  Va.  Forest  Serv.  Publ. 
26,  69  p. 

(34)  Williams,  Marion. 
1949.  Germination  of  redbud  seeds.  Calif. 

Hortic.  Soc.  J.  10:  70-72. 

308 



CERCOCARPUS 

Rosaceae — Rose  family 

CERCOCARPUS  H.  B.  K.  Gercocarpus  (Mountain-mahogany) 
by  Glenn  H.  Deitschman,'  Kent  R.  Jorgensen,-  and  A.  Perry  Plummer  ^ 

Growth    habit,    occurrence,    and    use. — The 
cercocarpus,  or  mountain-mahoganies,  possibly 
10  species  of  shrubs  or  small  trees,  generally 
have  persistent  leaves  and  are  native  to  the  dry 
interior  and  mountainous  regions  of  western 

Noi'th  America.  Two  of  the  more  widely  ranging 
species  are  described  here  (table  1).  C.  ledif alius 
demonstrates  considerable  variance  in  height.  In 
some  areas,  it  occurs  as  a  3-foot  shrub,  in  others 
as  a  15-  or  20-foot  tree.  Occasionally,  it  attains 
a  height  of  about  40  feet  and  a  diameter  exceed- 
jing  20  inches  iH).  C.  ynontanus  more  commonly 
lis  a  bushy  shrub.  Its  maximum  height  seldom  is 
imore  than  half  that  of  C.  ledif  olius.  Both  species 
provide  shelter  and  important  browse  for  big 
igame  (-4),  and  their  ability  to  survive  very  dry 
iconditions  makes  them  useful  to  erosion  control 
efforts  on  arid  mountain  slopes.  The  two  species 
frequently  hybridize  with  one  another  and  with 
Iseveral  intermediate  forms  of  C.  ledifoliiis 
(7,  11). 

Flowering  and  fruiting. — The  small,  greenish- 

^hite  to  reddish-brown  bisexual  flowers  have 
ho  petals  and  are  borne  individually  or  in  twos 
pr  threes  in  the  axils  of  the  leaves.  Flowering 
generally  occurs  during  May  and  June  but  some- 

times extends  into  July  (5).  The  fruits  ripen 

^  Intermountain  Forest  &  Rang'e  Exp.  Stii. 
"  Utah  Division  of  Fish  &  Game. 

and  are  dispersed  by  wind  and  occasionally  by 
animals  during  August  and  September  (S,  9,  10, 
IJf).  The  individual  fruit,  a  soft,  hairy,  cylindri- 

cal achene,  is  distinguished  by  a  feathery  style, 
2  to  3  inches  long,  at  its  tip  (fig.  1).  Hairs  from 
achenes  can  irritate  the  skin,  and  C.  ledifolius 

has  been  dubbed  "hell  feathers"  by  cowboys  who 
have  ridden  through  stands  of  it  when  the  fruit 
was  mature  (7).  The  minimum  fruit-producing 
age  of  the  mountain-mahoganies  averages  about 
10  years,  but  can  be  15  years  in  the  case  of  C. 
ledifolius.  Good  crops  are  produced  at  irregular 
intervals  that  range  from  1  to  10  years  (7).  In 
Utah,  1-  to  3-year  intervals  are  common  (8). 

Fruit  collection. — In  late  summer  or  early  fall, 
the  ripe  fruit  of  mountain-mahogany  can  be 
shaken  from  the  shrubs  or  trees  onto  canvases 

or  into  hoppers  (7).  Collections  from  C.  monta- 
nus  have  been  made  as  late  as  November  in  New 
Mexico  (15).  Time  of  collection  can  be  a  critical 
factor;  when  fruit  is  mature  and  dry,  a  crop  can 
be  quickly  lost  during  a  single  storm.  Wind  drift 
can  make  collections  from  the  taller  plants  diflfi- 
cult.  One  method  that  has  been  used  successfully 

employs  a  fiberglass  screen  nailed  to  light  8-foot 
poles  about  4  feet  apart.  A  4-foot  canvas,  folded 
to  form  a  2-foot-deep  pocket,  catches  fruits  that 
drop  from  the  screen  (7). 

Cleaning  and  storage. — In  gome  instances, 
cleaning  may  simply  consist  of  fanning  and 

Table  1. — Cercocarpus:  nomenclature,  occurrence,  and  date  tvhen  first  cultivated 

Scientific  names 
Common  names ' 

Occurrence 
First 

cultivated 

ledifolius  Nutt. 

niontanus  Raf."   
C.  parvifoUus  Nutt. 
C.  flabellifolius  Rydb. 

curlleaf  cercocarpus, 
curlleaf  mountain-mahogany, 
desert  mahogany. 

mountain  cercocarpus, 
true  mountain-mahogany, 
birchleaf  cercocarpus, 
birchleaf  mountain- 
mahogany,  blackbrush, 
deerbrush,  tallowbrush. 

Washington  east  to  Montaina  1879 
and  south  to  Arizona  and 
California. 

Oregon  east  to  Wyoming  and  1872 
parts  of  South  Dakota  and 
Kansas,  south  to  Lower 
California  and  central  Mexico. 

I  ̂  Plants  of  the  Cercocarpus  genus  are  almost  universally  known  in  the  West  as  "mountain-mahogany."  However, 
1  the  Forest  Service  Check  List  "cercocarpus"  was  adopted  as  the  approved  common  name.  This  action  stems  from 
icderal   Trade   Commission  hearings  on   fair  trade   practice  in  "mahogany"  during  which  the  old  Forest  Service 
iling  was  cited  that  "mahogany"  should   not  be  employed  for  any  plants  but  species  of  the  genus  Stvietenia. 
"A  variant,  C.  betuloides  Nutt.,  is  here  included  in  C.  montanus  (2). 
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C.  montanus 
mountain  cercocarpus 

C.  ledifolius 
curl  leaf  cercocarpus 

Figure  1. — Cercocarpus:  achenes  with  feathery  style, 
1  X.  Size  of  the  achene  varies  greatly  within  each 
species. 

screening.  For  easy  planting,  however,  fruits 
must  first  be  rubbed  or  hammermilled  to  remove 
the  styles  (figs.  2  and  3)  (7).  Minimum  stand- 

ards acceptable  by  the  Utah  State  Division  of 
Fish  and  Game  (5)  are  as  follows:  purity,  90 
percent;  viability,  90  percent  for  C.  montanus 
and  95  percent  for  C.  ledifolius. 

Fruit  sizes  differ  markedly  between  ecotypes 
and  from  year  to  year.  Data  from  collections 
made  at  two  locations  in  Utah  showed  that  the 

Figure  2. — Cercocarpus  montanus,  mountain  cercocar- 
pus: achene  with  style  removed  (cleaned  seed),  4  X. I 

bushel  weight  ranged  from  8  to  15  pounds  for 
both  species  (S).  The  yield  of  cleaned  seed  was 
4  pounds  per  bushel.  Numbers  of  cleaned  seed 
per  pound  (estimated  from  10  samples  for  each 
species)  were  as  follows: 

Range Average 

C.  ledifolius   48,200-56,600 
51,900 

C.  montanus   55,900-65,200 59,000 

Soundness  was  about  95  percent  and  moisture 
content  ranged  from  7  to  12  percent.  Less  com- 

plete data  from  other  sources  {5,  13, 15,  16,  17) 

I 
Table  2. — Cercocarpus:  germination  test  conditions  ^  and  results  on  untreated  seed 

Species 

C.  montanus- 

C.  ledifolius 

Seed 
Test  conditions Germinative capacity 

Data 

source age Temperature Duration 
Average 

Samples 

Years 

°F. 

Days 
Percent Number 

Vs C) 70 86 2 8 
% 32-38 

70 

92 2 8 
% n 165 

84 

"6 

8 

30  + 

34 

4 

15 

i C) 
365 

77 no 8 
1 32-38 

365 
80 

*10 

8 
263 

29 

3 15 

'  Test  medium  was  moist  paper. 

"  Seed  was  kept  in  an  insulated  box  in  an  open  warehouse  where  temperatures  simulated  the  daily  fluctuations 
which  occurred  that  spring  under  field  conditions  at  a  soil  depth  of  about  1  inch. 

'^  Two  samples  from  each  of  3  locations. 
'  Two  samples  from  each  of  5  locations. 

310 



CERCOCARPUS 

lOmm.    ubii/// 

-0 

Figure  3. — Cercocarpus  ledif alius,  curlleaf  cercocarpus : 
longitudinal  section  through  an  achene,  8   X . 

give  somewhat  lower  estimates  of  the  average 
number  per  pound. 

Seed  with  a  moisture  content  of  7  to  10  per- 
cent can  be  stored  in  wooden  or  metal  containers, 

or  in  cloth  sacks  in  a  dry,  ventilated  warehouse 
for  more  than  5  years  {7,8). 

Germination. — The  degree  of  seed  dormancy 
appears  to  vary  between  and  within  species.  One 
ecotype  of  C.  mmitavus  in  New  Mexico  showed 
no  evidence  of  dormancy  (5),  but  a  germination 

i  inhibitor    has    been    found    in    achenes    from 

another  source  (6).  A  variant  (C.  betuloides)  of 
the  same  species  has  been  reported  to  germinate 
promptly  and  well  without  pretreatment  (15, 
17).  Otherwise,  stratification  is  necessary  to 
overcome  dormancy.  One  effective  method 
recommends  that  seed  placed  between  moist 

papers  be  kept  either  at  32°  to  38°  F.  for  36  days 
or  at  outside  temperatures  from  November  to 
March  (8).  Alternatively,  the  seed  may  be  stra- 

tified in  moist  sand  or  peat  for  30  to  90  days  at 
41°  F.  (15).  Other  pretreatments  reported  to 
have  improved  germination  of  C.  ledif olius  seed 
were  a  20-minute  soak  in  concentrated  sulfuric 
acid  (1)  and  the  acid  treatment  plus  an  ad- 

ditional soaking  in  3-percent  thiourea  at  room 
temperature  for  16  hours  (3).  Results  of  some 
germination  tests  on  untreated  seed,  mainly 
from  Utah  sources,  are  summarized  in  table  2. 

Nursery  and  field  practice. — Mountain-ma- 
hogany seed  that  is  either  unstratified  or  natu- 

rally dormant  should  be  sown  in  the  fall.  If  the 
entire  fruits  are  sown,  a  preliminary  soaking  in 
water  for  30  minutes  has  been  recommended 

(15).  Soaking  prevents  seed  exposure  that  re- 
sults when  the  long,  feathery  tail  becomes  moist 

after  sowing  and  unfurls.  Seedbeds  should  be 
kept  well  moistened  from  the  time  of  sowing 
until  germination  begins.  Some  successful  nurs- 

ery practices  are  outlined  in  table  3.  Direct 
seeding  of  mountain  mahogany  should  be  done 
in  late  fall  or  winter  and  a  special  effort  should 
be  made  to  place  seed  where  site  preparation 
has  left  conspicuous  soil  disturbance  (7).  Pri- 

mary and  secondary  leaves  are  on  the  seedling 
illustrated  in  figure  4. 

Literature  and  Other  Data 
Sources  Cited 

(1)   Heit,  C.  E. 
1967.  Propagation  from  seed.  Part  6:  Hard- 

seededness — a  critical  factor.  Am.  Nurs- 
eryman 125(10):    10-12,  88-96. 

Table  3. — Cercocarpus:  nursery  practice 

Species 
Nursery 
location 

Seedling 
density 

per  square 
foot 

Sowing 

depth 
Mulch 

Plant 

percent 
Outplant- 

ing  age Data 

source 

jC.  ledifolius- 

C.  montaniis- 

Utah Idaho 
Utah 

Number 
20 

20-25 
20-30 

Inches 

¥4-1/2 

V4  + 

1/4-1/2 
Straw 
None  . 
Straw- 

35-45 

60 

40-60 

Years 
1 

1-2 
1 

'All  seeds  used  were  1  year  old,  untreated  other  than  having  styles  removed,  and  fall  sown. 

311 



CERCOCARPUS 
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614  p.  Univ.  Wash.  Press,  Seattle. 

Figure  4. — Cercocarpus  montanus,  mountain  cercocar- 
pus:  seedling  with  primary  leaves  and  well-developed 
secondary  leaves,  2  x. 

(3)  Liacos,  L.  G.,  and  Nord,  E.  C. 
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Cactaceae — Cactus  family 

CEREUS  GIGANTEUS  Engelm.  Saguaro 

by  Stanley  M.  Alcorn  '  and  S.  Clark  Martin  - 

Synonym. — Carnegiea  gigantea  (Engelm.) 
Britt.  &  Rose. 

Other  common  name. — giant  cactus. 

Growth  habit,  occurrence,  and  use. — The  sag- 
uaro  is  the  largest  of  the  columnar  cacti  grow- 

ing naturally  in  the  United  States.  As  an  in- 
dicator-plant of  the  Sonoran  Desert,  its  range 

is  essentially  restricted  to  elevations  below 
4,000  feet  in  southwestern  Arizona  (12).  The 
saguaro  also  occurs  in  Sonora,  Mexico,  north 
of  the  Rio  Mayo  (12).  Papago  Indians  still  use 
saguaro  wood  in  the  construction  of  fences  and 
hogans  and  as  firewood ;  the  fruit  pulp  can  be 
eaten  or  used  in  the  preparation  of  jellies  and 
liquor ;  seeds  have  been  used  in  the  preparation 
of  flour  (13).  An  excellent  honey  is  derived 
from  the  nectar. 

Flowering  and  fruiting. — The  epigeal  corolla 
of  the  perfect  flower  opens  at  night  and  usually 
remains  open  only  until  the  following  afternoon 
(10).  In  the  vicinity  of  Tucson,  Ariz.,  flowering 
occurs  from  the  latter  part  of  April  through 
early  June  and  reaches  a  peak  about  the  middle 
of  May.  Flowering  occurs  earlier  in  warmer 
areas  and  is  delayed  at  higher  elevations.  Un- 

less effectively  cross-pollinated,  most  flowers 
drop  within  3  to  4  days  of  opening;  fruits 
ripen  about  37  days  after  flowering  (.9). 

I     Collection,     extraction,     and     storage. — The 
green  fruits  turn  red  as  they  ripen;  the  color 
changes  first  at  the  flower  end.  Fruits  will  con- 
itain  approximately  2,500  viable,  black  seeds 
(figs.  1  and  2)  enmeshed  in  a  pulp  (9).  Even 
under  otherwise  favorable  conditions,  few  seeds 
will  germinate  unless  the  pulp  material  is 
thoroughly  removed  by  washing  {3,  S).  About 
450,000  clean,  viable  seeds  weigh  1  pound  (3). 
Dptimal  conditions  for  long-term  storage  of 
5eeds  are  not  known.  However,  germination  of 
LO-year-old  lots  of  various  crops  stored  dry  at 

laboratory  temperatures  (77"  F.)  has  ranged 
^rom  4  to  51  percent  (3). 
Germination  tests. — Seeds  require  light  for 

germination;  far-red  light  may  inhibit  the 
process  (2).  Seeds  germinate  best  when  main- 

tained at  77  F.  and  exposed  daily  to  8  hours 
of  light.  Seeds  must  be  kept  moist  during  this 
period.  Under  optimal  conditions  95+  percent 
of  the  seeds  will  germinate.  Radicles  will 
emerge  over  a  3-  to  14-day  period;  most  will 
emerge  by  7  days.  Germination  will  be  reduced 
if  seeds  are  clumped  (.?). 

Seedling  care. — Seedlings  may  be  trans- 
planted at  any  time  of  the  year.  They  should 

always  be  protected  from  freezing,  however 
(7,  11).  Plants  up  to  12  inches  in  height  must 
be  shaded  where  sunlight  is  intense  (H).  Shad- 

ing probablv  would  be  beneficial  for  plants  up 

to  2-3  feet  in  height  (16).  The  "normal"  growth 
rates  of  seedlings  are  not  known,  but  probably 
are  in  fractions  of  inches  the  first  several  years 
(15),  increasing  to  an  inch  or  so  in  later  years 

# 

Figure  1. — Cercus  giganteus,  saguaro:  seed,  8   X- 

r2mm 

lq 

USDA  Agriculture  Research  Service. 

•  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

Figure  2. — Cercus  giganteus,  saguaro:  longitudinal  sec- 
tion through  a  seed,  20  X. 
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(6).  Seedlings  are  susceptible  to  several  dis- 
eases {1,  Jf),  certain  insects  (5,  IJf),  and  rodents 

il6). 
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Rosaceae — Rose  family 

CHAMAEBATIA  FOLIOLOSA  Benth. 

by  Arthur  W.  Magill  ̂  

Bearniat 

Synonyms.  —  Cha  m  aebatia  a  it  s  t  r  a  I  i  s 
(Brandg.)   Abrams. 
Other  common  names. — southern  bearmat, 

mountain-misery,  San  Diego  mountain-misery, 
bearclover,  tarweed,  and  running-oak. 

Two  varieties  of  this  species  are  recognized. 
The  typical  variety,  bearmat,  is  an  evergreen 
shrub  1/2  to  2  feet  tall,  that  grows  between  2,000 
and  7,000  feet  elevation  on  the  western  slopes 
of  the  Sierra  Nevada  in  California.  It  occurs 
in  open  ponderosa  pine  and  in  California  red 
fir  forests  (7).  Southern  bearmat,  var.  anstralis 
Brandg.,  grows  to  a  height  of  nearly  7  feet  on 
dry  slopes  in  the  chaparral  type  from  San 
Diego  County  to  Baja  California   (Mexico). 

The  typical  variety  is  normally  regarded  as 
a  pest  because  it  inhibits  the  establishment 
and  growth  of  trees  (i,  i).  From  an  esthetic 
viewpoint,  the  plants  provides  attractive  ground 
cover,  but  its  glutinous  leaves  are  highly  aro- 

matic (2,  6).  It  is  useful  for  watershed  stabiliza- 
tion and  is  under  study  as  a  potential  landscape 

plant  (5). 
Bearmat  produces  perfect  flowers  throughout 

its  range  from  May  through  July,  while  south- 
ern bearmat  flowers  from  November  through 

'  Pacific  Southwest  Forest  and  Range  Exp.  Stn. 

h'^iGURE    1. — Chamaebatia    foliolosa,    bearmat:     achene 
(left)  and  extracted  seed  (right),  8  X. 

May  (6).  The  fruit  is  a  brown  achene  %  inch 
(5  mm.)   (figs.  1  and  2). 

Seeds  require  from  1  to  3  months  of  stratifi- 
cation in  peat  moss  at  temperatures  ranging 

from  35  to  41°  F.  before  they  will  germinate 
(3,  5).  In  the  nursery,  seed  should  be  sown  in 
spring  (2). 

r^mnn pericarp 

Figure  2. — Chamaehatia  foliolosa,  bearmat:   longitudi- 
nal section  through  an  achene,  8  X. 
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Cupressaceae — Cypress  family 

CHAMAECYPARIS  Spach 

by  A.  S.  Harris  ̂  

White-cedar 

Growth  habit,  occurrence,  and  use. — Of  the 
six  species  of  Chamaecyparis,  three  are  native 
to  North  America,  two  to  Japan,  and  one  to 
Taiwan  (24).  The  North  American  species 
(table  1)  are  long-lived  evergreens,  all  attain- 

ing large  size.  The  largest,  C.  latvsoniana,  has 
reached  12  feet  in  diameter  and  239  feet  in 
height  (5).  Branching  is  distinctive  with  the 
many-branched  twigs  and  small  paired  scale- 

like leaves  arranged  in  fernlike  sprays.  Because 
of  their  somber  beauty  and  variety  of  form, 
white-cedars  are  often  used  for  ornamental 
plantings,  hedges,  and  windbreaks  {23).  They 
are  important  timber  species,  the  wood  being 
sought  for  poles,  posts,  construction  timbers, 
specialty  items,  and  other  uses  where  dura- 

bility is  required. 

Geographic  races  and  hybrids. — Geographic 
varieties  of  C.  thyoides  are  var.  henryae  (Li) 
Little  in  Georgia,  Florida,  Alabama,  and  Mis- 

'  Pacific  Northwest  Forest  and  Range  Exp.  Stn. 

sissippi  and  var.  thyoides  in  the  area  from 
South  Carolina  to  Maine  (15).  The  southern 
variety  has  also  been  classified  as  a  separate 
species,  C.  henryae  Li  (1-1^).  Climatic  races  may 
have  developed  within  other  species  as  well, 
but  they  have  not  yet  been  defined.  Great  varia- 

tion exists  within  species.  Individual  trees  have 
been  selected  to  make  201  cultivars  of  C.  law- 
soniaua,  20  of  C.  nootkatensis,  and  19  of  C. 
thyoides,  but  many  of  these  are  no  longer 

pi'opagated  (21).  A  cross  between  C.  nootka- 
tensis and  Cupressus  macrocarpa  has  resulted 

in  the  hybrid,  Cupressocyparis  leylandii.  It  is 
planted  extensively  in  Great  Britain  (12).  It 
has  been  planted  in  the  University  of  Washing- 

ton Arboretum  in  Seattle,  and  promises  to  be 
one  of  the  best  evergreen  screening  and  hedge 
plants  for  the  area  (32). 

Flowering  and  fruiting. — The  tiny  inconspic- 
uous yellow  or  reddish  male  pollen-bearing 

flowers  and  greenish  female  flowers  are  borne 
in  the  spring  on  the  tips  of  branchlets.  Mature 
cones  of  Chamaecyparis  are  one-fourth  to  one- 

Table  1. — Chamaecyparis :  nomenclature,  occurrence,    and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Common  names Occurrence Uses 
Data  compilers 
for  the  species 

C  lawsoniana       
(A.  Murr.)  Pari. 

Cupressus  lawsoniana 
(A.  Murr.) 

Chaynaecyparis  lawsonii 
Pari. 

C.  nootkatensis   
(D.  Don)  Spach. 

Cupressus  nootkatensis 
D.  Don. 

C.  thyoides       
(L.)  B.S.P. 

Cupressus  thyoides  (L.) 

Port-Orford-cedar, 
false-cypress, 
Lawson  false-cypress, 
Lawson  cypress, 
Oregon-cedar, 
Port-Orford 
white-cedar. 

Alaska-cedar, 
Yellow-cedar, 
Alaska  yellow-cedar, 
Nootka  false-cypress, 
Alaska  cypress, 
Sitka  cypress, 
yellow  cypress. 

Atlantic  white-cedar, 
white-cedar, 
false-cypress, 
swamp-cedar, 
southern  white- 
cedar. 

Southwestern  Oregon  (Coos 

Bay)  south  to  north- western California 
(Klamath  River). 

Pacific  coast  region  from 
Prince  William  Sound, 
Alaska  southwest  to 
western  British  Columbia 
and  western  Washington, 
and  south  in  Cascade 
Mountains  to  western  and 
northwestern  California. 
Local  in  northeast  Oregon, 
and  southwest  British 
Columbia. 

Narrow  coastal  belt  from 
southern  Maine  to 
northern  Florida,  west 
to  southern  Mississippi. 

T, H,  S, E 
Donald  L.  Copes, 
Albert  I.  Sugano. 

T,  H,  S,  E..   A.  S.  Harris. 

T,  H,  E    Silas  Little,  Jr. 

'  T:  timber  production,  H:  habitat  for  wildlife,  S:  shelter  belt,  E:  environmental  forestry. 
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C.  lawsoniana 
Port-Orford-cedar 

C.  nootkatensis 

Alaska-cedar 

C.  thyoides 
Atlantic  white-cedar 

Figure  1. — Chamaecyparis  nootkatensis,  Alaska-cedar: 
mature  cones,  2  X . 

Figure  2. — Chamaecyparis:  seeds,  8  X. 

half  inch  in  diameter,  spherical,  and  erect  on 
branchlets  (fig.  1).  They  ripen  in  September 
and  October  (table  2).  Cones  mature  at  the 
end  of  the  first  growing  season  except  in  the 
northern  end  of  the  range  of  C.  nootkatensis 
where  cones  require  2  years  to  mature  (8). 
Cones  have  from  six  to  12  scales,  each  scale 
bearing  from  one  to  five  seeds  with  thin  mar- 

ginal wings  (figs.  2  and  3).  Seed  dispersal 
starts  in  the  fall  and  may  not  be  completed 
until  the  next  spring  (table  2).  The  color  of 
ripe  cones,  when  ready  for  collection,  is  de- 

scribed in  table  3  and  shown  in  the  color  plates 
for  2  species. 

Collection  of  cones. — Cones  may  be  collected 
by  hand  or  raked  from  the  branchlets  of  stand- 

ing or  felled  trees.  If  possible,  collections  should 

Species 

Table  2. — Chamaecyparis:  phenology  of  flowering  and  fruiting 

Location 
Flowering 

dates 
Cone  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

C .  laivsoniana  Oregon      _  Spring 
C.yiootkatensis       Alaska    May-June 
C.  thyoides    New  Jersey  March 

September-October 
September  \  _ 
September-October 

September-May    -      -  8,30 
October  to  spring  -.   -    10 
October  15  to  March  1  8, 16,  30 

^  Cones  require  2  years  to  reach  maturity  in  the  northern  part  of  the  range. 

Table  3. — Chamaecyparis :  height,  seed-bearing  age,  seed  crop  frequency  and  color  of  ripe  cones 

Species 
Height 

at 
maturity 

Year  of 
first 

cultivation 

Minimum 
seed-bearing 

age 

Interval  be- tween large 
seed  crops 

Color  or  lipe  cones Data 
source 

C.  laivsoniana 

C.  nootkatensis 

C.  thyoides     ... 

Feet 

up  to  239 

up  to  175 

40-90 

1854 

1851 

1727 

Years  Years 

5-20  3-5  greenish  yellow  (color 
plate)  to  red  brown. 

4  or  more        yellow  brown  (color 
plate (  to  red  brown. 

3-20  1  or  more        greenish  with  glaucous 
bloom  to  bluish-purple 
and  very  glaucous, 
finally  red  brown. 

3,8,  19,21 

3,  8,21,  28 

8,  13, 17, 18, 23, 2i 
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Figure    3. — Chamaecyparis    laivsoniana,    Port-Orford- 
cedar:  longitudinal  section  through  a  seed,  8  X. 

be  limited  to  years  when  the  seed  crop  is  abun- 
dant. In  one  case  a  high  incidence  of  empty 

seed  of  C.  thyoides  was  linked  with  a  poor  seed 
crop  (17).  When  collecting  cones  of  C.  nootka- 
tensis  in  the  northern  part  of  the  range,  pre- 

cautions are  needed  to  limit  the  collection  to 
mature,  second-year  cones  (color  plate).  The 
smaller,  greenish-blue,  immature,  first-year 
cones  may  be  present  with  the  yellow-brown 
mature  cones  on  the  same  branches  (10). 

Extraction  and  storage  of  seeds, — Cones  may 
be  dried  by  spreading  in  the  sun  or  in  a  warm 

room,  or  they  may  be  kiln-dried  at  temperatures 
below  110°  F.  {28).  Mature  cones  of  C.  laiv- 

soniana and  C.  nootkatensis  open  upon  drying, 
and  seed  may  be  extracted  by  gentle  shaking 
or  tumbling.  Seeds  of  C.  thyoides  are  more 
difficult  to  extract  but  can  be  extracted  easily 
if  cones  are  first  dried,  then  soaked  overnight 
and  again  dried  (5).  Seeds  of  all  species  are 
easily  injured  and  should  not  be  dewinged  (28). 
Recommended  minima  for  commercial  seed 

of  C.  laivsoniana  are  a  purity  of  90  percent  and 
a  viability  of  70  percent  (31).  No  standards 
have  been  proposed  for  seed  of  the  other  two 
species.  Numbers  of  cleaned  seed  per  pound 
are  listed  in  table  4. 

Cold,  dry  storage  in  sealed  containers  at  a 
temperature  below  freezing  and  a  seed  moisture 
content  below  10  percent  are  recommended 
(2,  28).  Viability  of  C.  lawsoniana  dropped  from 
an  initial  56  percent  to  43  percent  after  7  years 
of  storage  when  seed  moisture  was  8  percent. 

Seed  survived  equally  well  when  stored  at  0° 
and  32°  F.,  but  all  viability  was  lost  at  a 
fluctuating  room  temperature  over  7  years  (2). 
Under  natural  conditions  some  C.  thyoides  seed 
remains  viable  in  the  forest  floor  for  at  least 
two  growing  seasons  (17). 

Pregermination  treatments  and  germination 
tests. — Germination  of  Chamaecyparis  seed  is 
characteristically  low,  due  in  part  to  poor  seed 

Table  4. — Chamaecyparis :  cleaned  seeds  per  pound  and  other  yield  data 

_,       .                                  .  Jr„*^    ̂ ^^  ,  Cleaned  seeds  per  pound 
Species  per  100  pounds   ' 

of  cones  Range                    Average 

Pouds  Number                  Number 

C.  laivsoniana                    20  80,000-600,000            210,000 
C.  nootkatensis    66,000-180,000             108,000 

C.  thyoides '                    10  420,000-500,000             460,000 

'  3.64  pounds  of  seed  were  obtained  from  one  bushel  of  cones  (30). 

Samples 
Data source 

Number 
63 
9 

11 

22,  27,  28,  29 

i,  22,  27,  28,  29 
13,28 

Table  5. — Chamaecyparis:  stratification  periods,  germination  test  conditions,  and  results 

Species 
Stratification 

Warm      Cold 

period  '■  period  - 

Germination 

test  conditions ' 
Temperature  ' 

Averages  of  test  results Day 

Dura- Night    tion 

Germinative 

energy 

Germi- 
native 

Amount 

Sound- 

Period    capacity      ness 
Samples 

Data 
source 

C.  lawsoniana.^ 

C.  nootkatensis. 

C.  thyoides   

Days 

0 
0 58 

0 
0 
0 
0 

Days 

0 
0 

30 
30-90 

0 
0 

90 

"F. 

86 
86 
86 
86 
86 
86 
86 

°F.      Days        Percent       Days      Percent    Percent  Number 
68 
68 
68 
68 
68 
68 
68 

28 
60 
22 
41 

28-55 
60 
28 

44 

24 
10 
0 
0 

14 
34 
11 

48 
52 
12 
0 
0 

84 

48 

51 

57 
54 

9 
60 
1 
3 
8 

11 

11,20 
28 
h 
h 

A, 11,28 
28 

11 

'  At  alternating  temperatures  of  86°  and  68°  F. 
=  At  40°  F. 

'  Seeds  were  exposed  to  light  during  the  warm  period. 
*  A  constant  temperature  of  68°  F.  also  has  been  recommended  (11). 
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quality,  and  also  to  various  degrees  of  embryo 
dormancy  (28).  Factors  which  block  germina- 

tion may  be  variable  between  species  and  seed 
lots.  For  example,  sound  unstratified  seeds  in 
several  lots  of  C.  lawsonicuia  have  germinated 
completely  on  moist  paper  in  less  than  28  days 

at  diurnally  alternating  temperatures  of  86" 
F.  for  8  hours  and  68°  F.  for  16  hours  with 
light  during  the  warm  period  (table  5).  How- 

ever, in  British  nursery  tests,  presowing  strat- 
ification has  been  shown  to  yield  most  consistent 

results  (1). 

High  germination  capacities  have  been  ob- 
tained in  60  days  or  less  in  laboratory  germina- 

tion tests  of  untreated  seed  of  C.  thijoides  from 
unknown  sources  (28;  table  5).  Delayed  germi- 

nation, however,  has  occurred  in  other  seed  lots. 
In  fall-sown  beds  in  New  Jersey,  germination 
of  about  half  of  the  viable  seed  was  delayed 
until  the  second  year  after  sowing  (17). 

C.  nootkatensis  may  be  the  most  difficult 
species  so  far  as  germination  is  concerned  (28), 
and  stratification  for  up  to  a  year  before  sowing 
may  be  necessary  {23).  Delayed  germination 
may  occur.  Seeds  of  C.  nootkatensis  were  sown 
in  the  spring  in  British  Columbia  but  did  not 
germinate  until  the  following  spring  {25). 
Stratification  schedules  have  not  yet  been  de- 

veloped to  stimulate  prompt  germination  in 
dormant  seed  lots  of  C.  nootkateiisis  and  C. 

thyoides.  Warm  stratification  prior  to  cold  strat- 
ification has  been  found  to  greatly  improve 

germination  of  C.  )iootkatensis  (i).  Whether 

this  ti'eatment  will  improve  germination  of  all 
seed  lots  or  of  other  species  is  not  known.  A 
promising  pretreatment  appears  to  be  moist 
stratification  for  30  days  at  an  alternating  tem- 

perature of  68"  to  86"  F.  followed  by  30  days 
moist  stratification  at  40°  F.  Chances  for  im- 

proving this  recommendation  appear  excellent, 
as  only  limited  combinations  of  treatments  have 
been  tested.  A  tetrazolium  stain  has  been  rec- 

ommended for  a  quick  test  of  viability  {11). 

Nursery  practice. — Seeds  of  C.  lawsoniana 
are  broadcast  sown  in  the  spring,  and  covered 
with  i/r  to  Vi.-inch  of  soil.  Sowing  rate  is  cal- 

culated to  produce  seedlings  at  a  density  of 
about  30  to  50  per  square  feet  {6,  7).  Stratifi- 

cation of  seeds  before  sowing  has  been  shown 
to  give  most  consistent  results  in  nursery  tests 
in  Great  Britain  {1),  and  stratification  is  rec- 

ommended practice  in  forest  nurseries  in  the 
western  United  States  {6,  7).  A  lath  shade 
over  the  seed  bed  may  be  desirable  at  least 
until  midseason  of  the  first  year  {6,  28).  For 
field  planting,  2-0  stock  is  used  in  western 
United  States  {6,  7),  and  in  Great  Britain  2-1 
transplants  have  been  raised  (9).  A  nursery 
yield  of  129,000  usable  plants  per  pound  of  seed 

has  been  reported  (50).  Delayed  germination 
in  nursery  beds  has  been  observed  in  seeds  of 
both  C.  nootkatensis  and  C.  thyoides.  Seeds  of 
C.  nootkatensis  were  sown  in  the  spring  in 
British  Columbia  but  did  not  germinate  until 

the  following  spring  {25).  In  fall-sown  beds 
of  C.  thyoides  in  New  Jersey,  germination  of 
about  half  of  the  viable  seed  was  delayed  until 

the  second  year  after  sowing  {17).  Stratifica- 
tion appears  desirable  for  both  species,  but 

optimum  schedules  have  not  yet  been  developed. 
Cultivars  of  all  species  are  readily  propagated 

from  cuttings  {21). 
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Bignoniaceae — Bignonia  family 

CHILOPSIS  LINEARIS  (Gav.)  Sweet 

by  Arthur  W.  Magill  ̂  

Desertwillow 

Synonyms. — C.  saligna  D.  Don,  Bignonia  lin- 
earis Cav.,  C.  linearis  var.  originaria  Fosberg, 

C.  linearis  var.  glutinosa  (Engelm.)  Fosberg, 
C.  linearis  var.  arcuata  Fosberg. 

Other  common  names. — false-willow,  jano, 
flowering-willow,  and  catalpa-willow. 

Growth  habit,  occurrence,  and  use. — Desert- 
willow  grows  along  dry  washes  and  streams  in 
the  desert  between  1,500  and  5,000  feet  eleva- 

tion from  southern  California  through  southern 
Utah  to  western  Texas  and  southward  into 
Mexico  and  Lower  California.  It  is  a  deciduous 
shrub  or  small  tree  which  attains  heights  of 
10  to  25  feet  or  occasionally  more.  The  plant 
is  useful  for  wildlife  cover,  erosion  control,  and 
ornamental  plantings  in  arid  regions   (5,  6). 

Flowering  and  fruiting. — Desertwillow  pro- 
duces perfect  flowers  between  April  and  August 

throughout  its  range  (5,  7).  The  fruit  is  a  two- 
celled  capsule  about  one-quarter  of  an  inch 
j(6  mm.)  in  diameter  and  from  4  to  12  inches 
(10  to  30  cm.)  long.  It  ripens  from  late  summer 
ito  late  fall  (1)  and  persists  through  winter  (4). 
The  numerous  light-brown  oval  seeds  are  about 
one-third  of  an  inch  (8  mm.)  long  and  have  a 
fringe  of  soft  white  hairs  on  each  end  (figs.  1 
and  2). 

Collection,  extraction,  and  storage. — Seed 
ods  can  be  hand-picked  after  late  September 

and  through  the  winter  months.  Care  must  be 
taken  not  to  pick  unripened  fruit  because  they 
mature  unevenly  owing  to  the  long  flowering 
period  (3).  Seed  extraction  simply  requires  that 
bhe  pods  be  spread,  dried,  beaten  lightly, 
shaken,  and  then  the  seeds  screened-out.  Each 
100  pounds  of  dried  pods  should  produce  30 
:o  50  pounds  of  clean  seed  which  number  from 
10,000  to  128,000  per  pound  and  average  86,000 
per  pound  (7).  Commercial  seed  has  averaged 
)2  percent  in  purity  and  87  percent  in  soundness 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. Figure  1. — Chilopsis  linearis,  desert  willow:  seed  4  X. 
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r  if 

8 mm 

Figure  2. — Chilopsis  linearis,  desert  willow:  longitudi- 
nal section  through  a  seed,  10   X. 

(7).  A  cold  dry  place  is  recommended  for  stor- 
age, but  no  longevity  information  is  available. 

Germination. — Desertwillow  seed  is  not  dor- 
mant, but  storage  for  several  days  in  wet  sand 

will  speed  germination.  In  germination  tests 
1,000  seeds  were  placed  in  a  sand  or  water 
medium  for  21  to  60  days  with  a  night  tem- 

perature of  68°  F.  increased  to  86°  F.  during 
the  day  (2,  3,  7).  Germinative  energy  averaged 
14  to  60  percent  in  9  to  30  days  (2,  7),  and  ger- 

minative capacity  ranged  from  26  to  100  per- cent {2,  7). 

Nursery  and  field  practice. — Desertwillow 
seed  may  decay  unless  sown  in  spring  soon  after 
the  soil  warms  up.  Sowing  depth  should  be  one- 
quarter  inch.  A  ratio  of  seven  times  as  much 
viable  seed  as  the  desired  number  of  usable 
seedlings  is  required  to  grow  nursery  stock 
(7).  Damping-off  is  a  serious  problem.  Desert- 

willow may  be  propagated  from  cuttings   (7). 
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Oleaceae— Olive  family 

CHIONANTHUS  VIRGINICUS  L. 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge 

Fringetree 

Growth  habit,  occurrence,  and  use. — Fringe- 

tree  (also  called  white  fringetree,  old-man's- 
beard,  flowering-ash,  grandfather-gray  beard) 
occurs  on  rich,  well-drained  soils  of  stream 
banks,  coves,  and  lower  slopes,  but  is  most 
abundant  in  the  understory  of  pine-hardwood 
forests,  especially  on  moist,  acid,  sandy  loam 
soils  (i).  It  develops  best  in  semi-open  situa- 

tions but  is  moderately  shade-tolerant,  being 
found  occasionally  in  dense  understories. 
Though  widely  distributed,  it  usually  is  a  minor 
part  of  the  total  vegetation.  Fringetree  is  a 
relatively  short-lived  shrub  or  small  tree  and 
may  attain  35  feet  in  height  (9).  Its  range  is 
from  southern  Pennsylvania  southward  to 
Tampa  Bay,  Fla..  westward  through  the  Gulf 

States  to  the  Brazos  River,  Tex.,  and  noi'thward 
to  southern  Missouri. 

Fringetrees  are  planted  as  ornamentals 
throughout  the  South  and  elsewhere  beyond  the 
natural  range.  The  bark  is  used  as  a  tonic, 
diuretic,  and  astringent;  it  is  also  used  to 
reduce  fever.  In  Appalachia  a  liquid  of  boiled 
root  bark  is  applied  to  skin  irritations  (7). 
Twigs  and  foliage  are  preferred  browse  for 
deer  in  the  Gulf  Coast  Plain  but  are  less  pre- 

'  Northeastern  Forest  Exp.  Stn. 

Figure    1. — Chionanthus    virginicus,    fringetree:    fruit 
(drupe)   and  stone   (seed),  2   X. 

ferred  in  the  Piedmont  and  mountains.  Brows- 
ing is  least  in  winter.  The  species  is  only  mod- 

erately resistant  to  browsing,  and  plants  may 
die  when  more  than  one-third  of  the  annual 
growth  is  removed.  The  datelike  fruits  are 
taken  by  many  animals,  including  deer,  turkey, 
and  quail.  Cattle  may  eat  the  foliage  (4-).  The 
date  of  earliest  cultivation  is  1736  (.9). 

Flowering  and  fruiting. — Although  the  flow- 
ers appear  to  be  bisexual,  individual  plants  are 

usually  either  male  or  female,  functionally  (3). 
Flowering  occurs  during  May-June  in  the  mid- 
range  but  as  early  as  March  in  the  deep  south. 
The  fruit  is  a  dark  blue  to  purple  drupe  about 
three-fourths  inch  long  (fig.  1).  It  is  usually 
single-seeded  (figs.  1  and  2)  ;  rarely  2-  or  3- 
seeded.  Fruits  ripen  during  July  in  East  Texas 
and  as  late  as  October  in  the  northern  part  of 
the  range.  Fruit  drop  occurs  in  September 
(Texas)  and  October  (8,  H).  Seed  dispersal 
bevond  the  immediate  vicinity  of  the  tree  is 

1-11 
mm 

•-  0 

Figure   2. — Chionanthus   virginicus,   fringetree:    longi- 
tudinal section  through  the  embryo  of  a  stone,  6  X. 
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by  birds  and  rodents.  Plants  first  produce  seed 
at  5-8  years  of  age.  In  East  Texas  they  pro- 

duced some  fruit  each  year ;  no  seed  crop  failure 
occurred  (S). 

Collection,  extraction,  and  storage. — In  Sep- 
tember or  October,  after  the  fruits  have  turned 

purple,  they  may  be  hand-picked  from  the 
branches.  For  small  lots,  pulp  may  be  macerated 
by  rubbing  the  fruits  over  hardware  cloth 
fine  enough  to  retain  the  seed;  pulp  may  then 
be  washed  away  (13).  Seeds  remain  viable  in 
cold  stratification  for  one  or  two  years  (13). 
There  were  630  fruits  per  pound  (5)  and  0.33 
pound  of  seed  was  extracted  from  one  pound 
of  fruit  {12).  The  average  number  of  seeds  per 
pound  was  1800  with  a  range  of  1100  to  2000 
{12,  13,  U). 

Germination. — Natural  germination  usually 
occurs  in  the  second  spring  after  seed-fall.  This 
delay  results  from  a  two-phase  dormancy  in 
the  seeds.  They  first  need  a  period  of  warm 
exposure,  commonly  3  to  5  months,  during 
which  a  root  unit  is  made  while  the  shoot  re- 

mains dormant.  Subsequently,  cold  exposure 
during  winter  overcomes  the  shoot  dormancy 
{2,  10).  In  the  wild,  these  temperature  ex- 

posures occur  during  the  first  summer  and 
second  winter  after  seed-fall.  We  found  no  spe- 

cific recommendations  on  stratification  pro- 
cedures other  than  germination  test  conditions. 

In  two  seed  lots  which  had  been  stratified  first 

at  68°  F.  for  one  or  more  months,  then  at  41°  F. 
for  one  or  more  months,  then  sown  in  flats  and 
held  at  68°-86°  F.  for  one  year,  germinative 
capacity  was  about  40  percent  and  potential 
germination  was  50-60  percent  {13).  But,  for 
testing  seeds,  the  embryo  excision  method  is 
recommended  over  normal  germination,  cutting, 
or  various  quick  tests  {1,  2,  5).  Germination  is 
hypogeal  (fig.  3). 

Nursery  practice. — Seed  may  be  sown  in 
either  fall  or  spring.  Fall  sowing  should  be  done 
soon  after  the  seeds  are  cleaned  and  no  later 
than  mid-October  in  the  northern  part  of  the 
range  {6).  Seed  rows  should  be  8  to  12  inches 
apart  and  seeds  should  be  covered  with  one- 
fourth  to  one-half  of  firmed  soil.  Beds  should 
be  covered  with  burlap,  or  straw  or  leaf  mulch 
until  after  the  last  frost  the  following  spring. 
Spring  sowing  involves  seed  stratified  after 
collection.  As  an  alternative  for  the  amateur 
gardener,  seeds  can  be  sown  under  glass,  in 
boxes  with  standard  compost,  during  February- 
March  {11).  Propagation  by  layering,  grafting, 
or  budding  onto  ash  seedlings  is  sometimes 

practiced. 
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Compositae — Composite  family 

CHR YSOTHAMNUS  Nutt.  Rabbitbrush 

by  Glenn  H.  Deitschman,^  Kent  R.  Jorgensen,-  and  A.  Perry  Plummer  ^ 

Growth  habit,  occurrence,  and  use. — Consist- 
ing of  at  least  12  fairly  well  defined  species,  the 

rabbitbrushes  are  all  confined  to  western  North 
America  (i).  They  are  deciduous  shrubs  typical 
of  the  open  plains  and  foothills  from  sea  level  to 
11,000  feet  in  elevation.  Their  deep  roots,  heavy 
litter,  and  ability  to  establish  on  severe  sites 
make  them  useful  for  erosion  control.  A  few  of 
the  species  contain  latex,  similar  to  that  in  stems 
and  leaves  of  guayule.  C.  nauseosus  and  viscidi- 
florus  (table  1)  are  the  principle  species  of  this 
genus  sought  by  grazing  animals  (X).  Palatabil- 
ity  varies  widely  between  subspecies  and  eco- 
types.  Height  of  C.  yiauseosus  varies  from  1  to 
6  feet  but  C.  viscidiflorus  usually  is  less  than  3 
feet  {1).  Cultivation  of  these  two  species  was 
started  in  1886  (5).  Some  of  their  morphological 
features  such  as  width  and  length  of  leaves, 
coloration,  and  stature,  greatly  vary  from  place 
to  place,  and  a  number  of  varieties  or  sub- 

species have  been  variously  described  {1,  2,  7). 
Superior  strains  of  both  species  probably  could 
be  developed  through  selection  and  breeding. 

Flowering  and  fruiting. — Perfect  yellow  flow- 
ers are  borne  in  heads  clustered  at  the  ends  of 

the  branches.  Flowering  generally  begins  in 
September  for  both  C.  nauseosus  and  C.  viscidi- 

florus. Fruits  ripen  in  October  and  are  dispersed 
through  the  remaining  fall  months  (3,  5,  7). 
Good  crops  occur  every  year  or  two  {3).  Mini- 

mum fruiting  age  is  2  years.  The  fruit,  an 
achene,  is  crowned  by  a  ring  of  hairs  (a  pappus) 
that  are  soft  and  white  in  the  case  of  C.  nause- 

osus and  somewhat  rigid  and  tawny  in  the  case 
of  C.  viscidiflorus  (fig.  1)  (6). 

Fruit  collection. — Fruiting  heads  are  gray  to 
light  brown  in  color  when  ripe,  and  they  dry  on 
the  bush  (3).  Harvesting  may  be  accomplished 
in  the  fall  or  early  winter  by  shaking  or  strip- 

ping the  heads  from  the  branches  into  shoulder 
hoppers,  bags,  or  sacks,  or  onto  canvasses  laid 
on  the  ground.  A  vacuum  seed  harvester,  re- 

Table  1. — Chrysothamnus:  nomenclature  and 
occurrence 

Scientific  names 
and  synonyms Common names Occurrence 

C.  nauseosus    . rubber British  Columbia 

(Pall.)  Britt. 
rabbitbrush to  Saskatchewan, 

Chrysocoma south  to  western 
nauseosa Texas,  northern 
Pall. New  Mexico, 

Chrysocoma and  California. 

graveolens 
Nutt. 

C.  viscidiflorus Douglas British  Columbia  to 
(Hook.) rabbitbrush 

North  Dakota, 

Nutt. south  to  New 

Bigelou'ia 
Mexico,  Arizona, 

douqlasii and  eastern Gray. 
California. 

C.  lanceolatus 
Nutt. 

C.  viscidiflorus 

Douglas  rabbitbrush 

C.  nauseosus 
rubber  rabbitbrush 

'  Intermountain  Forest  &  Range  Exp.  Stn. 
■  Utah  Division  of  Fish  &  Game. 

Figure  1. — Chrysothamnus:  achenes  with  pappi  intact, 
4   X. 
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cently  developed,  promises  to  provide  a  more 
efficient  method  (4). 

Cleaning  and  storage. — Hammer  milling  to 
break  up  the  fruiting  heads  is  usually  adequate 
preparation  for  planting;  the  achenes  (seeds) 
(fig.  2)  may  be  fanned  and  screened  to  reduce 
impurities,  but  this  is  difficult  and  expensive. 
Uncleaned  seed  of  8-  to  10-percent  purity  and  70- 
to  90-percent  viability  are  considered  acceptable 
by  the  State  Division  of  Fish  and  Game  in 
Utah  {3,  4).  Yields  are  summarized  in  table  2. 
Seed  with  5-  to  10-percent  moisture  content,  or 
field-dried,  can  be  stored  in  cloth  or  burlap  sacks 
at  prevailing  temperatures  in  protected  ware- 

houses, or  in  metal  containers.  Considerable  loss 

of  viability  after  two  years*  storage  has  been 
observed  (^).  Viability  probably  could  be  main- 

tained longer  if  seed  storage  temperatures  did 
not  exceed  50°  F. 

Germination. — Although  seed  dormancy  lev- 
els are  low,  some  stratification  will  often  speed 

germination.  Without  pretreatment,  seed  will 
normally  begin  to  germinate  5  to  20  days  after 
planting  (3).  Natural  germination  occurs 
during  March  to  June  (3).  Using  untreated 
seed,  3  to  4  months  old,  some  germination  tests 
and  their  results  are  summarized  in  table  3. 

Germination  was  slow  to  begin  at  the  tempera- 
tures used,  but  was  quite  complete  over  the  in- 

dicated test  durations. 

r  5nnm 

^'   pericarp 

seedcoat 

cotyledons 

hypocotyl 

radicle 

LQ 

Figure  2. — Chrysothamnus  viscidiflorus,  Douglas  rabbit- 
brush  :  longitudinal  section  through  an  achene,  16  X. 

Table  2. — Chrysothamnus:  cleaned  seeds  per  pound  and  other  yield  data  from  sources  in  Utah 

Species 

Weight 
of  a 

bushel 
of  fruit 

Yield  of 

cleaned  seed  ' Per  100         Per 

pounds       bushel 
of  fruit     of  fruit 

Cleaned  seeds  per  pound 

Range 
Average       Samples Sound- 

ness 

Data 

source 

C.  naiiseosHs    ^ 
C.  viscidiflorus 

Pounds 
7-10 
4-6 

Pounds 
10-15 9-12 

Pounds 

1.0 0.5 

Number 

649,000-745,000 
674,000-890,000 

Nuynber 
693,000 
782,000 

Number 

40 
10 

Percent 
70  + 

60 

3,  J, 

3 

'  Moisture  content  was  5  to  10  percent. 

Table  3. — Chrysothamnus :  germination  test  conditions  and  residts 

Germination                           Germinative  Germinative 
test  conditions '                               energy  capacity  Data 

I                  P                             Temper-            Dura-   — — ; — ; —  —   ;         source 
ature                 tion               Amount            Period  Average  Samples 

°F.  Days  Percent  Percent  Number 
C.  nauseosus          33-38                 120                    38  21  63                      8  4 
\C.  viscidiflorus           33-38                  300  60                       4  ^ 
,C.  viscidiflorus         '0-85                 110                      -  -  19                      4  .4 

I     '  Medium  was  moist  paper. 
I     "  Seeds  were  in  an  insulated  box  in  an  open  warehouse.  Temperature  changed  gradually  from  0°  F.  in  December 
'to  85°  F.  in  June. 
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Field  practice. — Establishment  on  rangeland 
from  direct-seeding'  in  late  fall  and  winter  is 
good  to  fair.  Once  established,  growth  is  rapid 
and  natural  spread  from  seed  is  abundant  (i). 
Rabbitbrush  seedlings  transplanted  in  early 
spring  from  cans  or  milk  cartons  when  3  to  5 
months  old  have  been  exceptionally  successful 
(i).  This  is  a  sure  way  to  establish  these  shrubs 
on  road  cuts  or  other  severe  sites.  The  Utah 
Division  of  Fish  and  Game  has  had  some  success 

in  establishing  them  on  winter  game  I'anges  by 
aerial  seeding  (^). 
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Leguminosae — Legume  family 

CLADRASTIS  LUTE  A  (Michx.  f.)  K.  Koch 

by  David  F.  Olson,  Jr.'  and  R.  L.  Barnes 

Yellowwood 

Synonym. — Virgilia  liitea  Michx.  f. 
Other  common  names. — virgilia,  American 

yellowwood. 
Growth  habit,  occurrence,  and  use. — Yellow- 

wood is  a  small  deciduous  tree,  attaining  a 
height  of  40  to  60  feet  at  maturity  (7).  The 
native  range  of  yellowwood  is  restricted ;  it 
extends  from  western  North  Carolina  into  east- 

ern and  central  Tennessee,  northern  Alabama, 
Kentucky,  southern  Illinois,  and  Indiana;  it  also 
occurs  in  the  glades  country  of  southwestern 
Missouri,  and  central  and  northern  Arkansas. 
This  species  was  introduced  into  cultivation  in 
1812  (S).  Locally,  it  grows  on  limestone  cliffs 
in  rich  soils,  and  its  greatest  abundance  is  in 
Missouri  and  in  the  vicinity  of  Nashville,  Tenn. 
The  wood  is  hard,  close-grained,  and  bright 
yellow,  turning  to  light  brown  on  exposure; 
commercially,  it  is  a  substitute  for  walnut  in 
gunstocks  and  a  source  of  clear  yellow  dye. 
Yellowwood  is  hardy  as  far  north  as  New  Eng- 

land and  is  often  planted  for  its  ornamental 
value. 

Southeastern  Forest  Exp.  Stn. 

Figure  1. — Cladrastis  lutea,  yellowwood:    pods,   %    X- 

Flowering  and  fruiting. — The  fragrant,  per- 
fect, white,  showy  flowers  bloom  in  June,  usually 

in  alternate  years,  and  the  fruit  ripens  in 
August  or  September  of  the  same  year  (1,  5,  7). 
The  fruit  is  a  legume,  3  to  4  inches  long  (fig.  1) 
(2),  which  falls  and  splits  open  soon  after 
maturing.  The  seed  are  dispersed  by  birds  and 
rodents.  Each  fruit  contains  four  to  six  short, 

oblong,  compressed  seeds  with  thin,  dark-brown 
seedcoats  and  without  endosperm  (fig.  2).  Good 
seed  crops  are  produced  generally  in  alternate 

years. Collection  of  fruits. — The  legume  pods  may 
be  collected  soon  after  maturity  by  handpicking 
from  the  tree  or  by  shaking  or  whipping  them 
onto  outspread  canvas  or  plastic  sheets.  Pods 
turn  brown  and  split  open  easily  at  maturity 

(5). Extraction  and  storage  of  seeds. — After  the 
pods  are  allowed  to  dry  they  can  be  opened  by 
beating  them  in  sacks  or  threshing  in  a  bean 
huller.  The  seeds  may  be  separated  from  the 
pod  remnants  by  screening  and  fanning. 

Seed  averaged  about  11,300  to  14,600  per 
pound,  based  on  two  samples.  Average  purity 
and  soundness  of  commercial  seed  have  been 
respectively,  82  percent  and  67  percent  (S). 
Commercial  seed  are  available  locally  and  from 
established  seed  dealers.  Seed  may  be  stored 
soon  after  extraction  in  sealed  containers  at 

41°  F.  for  prolonging  viability  {8).  For  over- 
winter storage,  seed  may  be  stratified  in  sand  or 

sand  and  peat  {8),  or  seed  may  be  dried  and 
sown  the  following  spring  {9). 

Figure  2. — Cladrastis  lutea,  yellowwood:  right,  exterior 
view  of  seed;  left,  longitudinal  section.   (5   X.) 
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Pregermination  treatments. — Natural  germi- 
nation of  yellowwood  seed  is  epigeal  (fig.  3), 

and  takes  place  in  the  spring  following  seed  fall. 
Dormancy  is  caused  chiefly  by  an  impermeable 
seedcoat  and  to  a  lesser  degree  by  conditions  in 
the  embryo.  The  most  successful  dormancy- 
breaking  treatment  is  sulfuric  acid  scarification 
for  30  to  60  minutes  {3).  Dormancy  may  be 
broken  also  by  stratification  in  sand  or  sand  and 

peat  for  90  days  at  41°  F.,  or  by  scarification 
and  storage  for  about  30  days  (S).  Other 
methods  of  breaking  dormancy  are  soaking  the 
seed  in  nearly  boiling  water  (4),  or  subjecting 
seed  to  a  hydrostatic  pressure  of  10,000  pounds 
per  square  inch  for  1  to  20  minutes  {6). 

Germination  tests. — Germination  has  been 
tested  on  pretreated  seeds  in  sand  or  sand  and 

peat  flats  in  30  to  42  days  at  68°  to  86°  F.  (5), 
and  on  a  moist  filter  paper  medium  for  24  days 

at  77°  F.  ((?).  Germinative  energy  for  acid- 
treated  seed  ranged  from  51  to  67  percent  in 
11  days;  germinative  capacity,  56  to  67  percent 
(A).  Germinative  energy  for  pressure-treated 
seed  on  a  moist  filter  paper  medium  ranged  from 
89  to  94  percent  in  24  days;  germinative  ca- 

pacity, 96  to  100  percent  {6). 

Nursery  practice. — Seeding  may  be  done  in 
the  fall  or  spring.  Beds  should  be  well  prepared 
and  drilled  with  rows  8  to  12  inches  apart,  and 
the  seed  covered  with  about  one-fourth  inch  of 
firmed  soil.  Untreated  seed  are  sown  in  fall  beds, 
which  should  be  mulched  and  protected  with 
bird  or  shade  screens  until  after  late  frosts  in 
spring.  Side  boards  simplify  mulching  and 
screening.  Stratified  seed  or  dry-stored  seed  that 
have  been  treated  to  break  dormancy  are  used  in 
spring  beds.  Shading  of  seedlings  is  unnecessary. 
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Ranunculaceae — Buttercup  family 

CLEM  A  TIS  L.  Clematis 

by  Paul  O.  Rudolf  ' 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus includes  more  than  200  species  of  climbing 

vines,  or  erect  or  ascending  perennial  herbs 
(sometimes  woody)  widely  distributed  through 
the  temperate  regions,  chiefly  in  the  Northern 
Hemisphere  (13).  Many  horticultural  varieties 
are  grown  for  ornamental  purposes,  but  the  8 
species  of  climbing  vines  included  here  (table  1) 
are  useful  also  for  erosion  control  and  wildlife 
food  (1,  IS,  19). 

Geographic  races. — Two  varieties  of  C.  li- 
gusticifolia,  var.  calif ornica  Wats,  and  var.  hre- 
vifolia  Nutt.,  are  separated  geographically 
within  the  species  range  (20).  These  and  C. 
virginiana  var.  missouriensis  (Rydb.)  Palmer 
&  Steyrm.  may  be  geographic  races.  Wild  plants 

'  North  Central  Forest  Exp.  Stn. 

intermediate  between  C.  drummondii  and  C.  K- 
gusticifoHa  may  be  of  hybrid  origin  (20). 
Several  hybrids  of  C.  viticeUa  are  known  (13). 

Flowering  and  fruiting. — Clematis  flowers 
are  perfect  and  fruits  are  borne  in  heads  of 
one-seeded  achenes  with  persistent  feathery 
styles.  Achenes  (figs.  1  and  2)  are  produced 
annually  (1^)  and  are  dispersed  by  wind  in  late 
summer  or  fall.  Dates  of  flowering  and  fruiting 
are  listed  in  table  2.  Other  characteristics  of  the 

8  species  are  pi'esented  in  table  3. 
Collection  of  fruits  and  extraction  and  storage 

of  seeds. — Fruits  are  brown  when  ripe  and  may 
be  gathered  from  the  plants  by  hand  and  then 
dried  and  shaken  to  remove  the  seeds  from  the 

heads.  Large  quantities  of  fruits  may  be  col- 
lected by  means  of  a  vacuum  seed  harvester,  run 

Table  1. — Clematis:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

C.  drutnmondii   
Torr,  &  Gray. 

Common 
names Occurrence 

Uses 
Data  compilers 
for  the  species 

Drummond  clematis, 

Texas  virgins-bower, 

gray beard. 

plume  clematis     C.  flammula  L.   
C.  pallasii 

J.  F.  Gmelin. 

C.  ligusticifolia  Nutt.     .      western  virgin- 
C.  brevifolia  Howell  bower, 

western  clematis, 

traveler's-joy. 
C.  pfluci/Zorn  Nutt.         rope  vine     -. 

C.  verticilaris  DC.        rock  clematis, 
Atragene  americana  mountain  clematis, 
Sims  purple  clematis. 

C.  virginiana  L     eastern  virgins- 
C.  catesbyana  Pursh.  bower, 

Virginia  virgins- bower, 

eastern  clematis. 

C.  vitalba  L.        traveler's-joy, 
old-man's-beard. 

C.  viticeUa  L        Italian  clematis, 
vine-bower. 

Central  and  western  Texas,     H,  W,  E 
Arizona  and  in  Mexico 

on  dry,  well-drained soils. 

Mediterranean  region 
to  Iran. 

British  Columbia  and 
North  Dakota  south  to 
New  Mexico  and 
California. 

California  on  dry,  well-  H,  W 
drained  sites. 

Quebec  to  Manitoba,  south        H,  W 
to  New  England,  West 
Virginia,  Ohio,  Wisconsin 
and  northeastern  Iowa. 

Maine  to  Georgia  to 
Louisiana  to  Kansas  in 
low  woods  and  along 
stream  banks. 

Southern  Europe,  northern       H,  W,  E 
Africa,  and  the  Caucasus. 

Southern  Europe  and  H,  W,  E 
western  Asia. 

Paul  0.  Rudolf. 

H,  W,  E  _  .    R.  L.  Barnes 

H,  E     .,        Glenn  H.  Deitschmann. 

Paul  O.  Rudolf. 

K.  A.  Brinkman. 

H,E    R.L.Barnes. 

Paul  0.  Rudolf. Do. 

'  H:  habitat  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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Figure  1. — Clematis  virgmiana,  eastern  virgins-bower: 
one  achene  with  complete  style  and  two  achenes  with 
styles  removed,  4   x . 

dry  through  a  hammer  mill  to  break  up  the 
heads,  and  fanned  to  remove  debris  (10). 

Numbers  of  cleaned  seed  per  pound  are  given 
for  seven  species  in  table  4.  Limited  data  for  C. 
virginiana,  C.  vitalba,  and  C.  viticella  indicate 
that  in  seeds  not  freed  from  the  styles,  purity 
runs  from  90  to  95  percent  and  soundness  about 

Figure  2. — Clematis  virginiana,  eastern  virgins-bower: 
longitudinal  section  through  an  achene,  10   X. 

85  percent  (12,  17).  For  hammer-milled  seed 
of  C.  ligusticifolia,  a  purity  of  20  percent  is 
acceptable  in  Utah  (10)  because  separation  of 
the  broken  styles  from  the  seed  is  difficult  and 
expensive.  Viability  of  dry  seed  of  this  species 
has  been  maintained  for  2  years  without 
refrigeration  (10). 

Pregermination  treatment. — Clematis  seeds 
have  dormant  embryos  and  require  prechilling 
(stratification)  to  stimulate  germination.  Pre- 

chilling has  been  done  at  33°  to  40°  F.  in  moist 
sand,  peat,  or  a  mixture  of  the  two  for  60  to 
180  days  (4,  5).  Field  sowing  responses  of  C. 

Table  2. — Clematis:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening  Data 
dates  source 

Aug.  to  Oct      -    20 
Aug.  to  Oct    13 
May  to  Aug    7,  8 
Aug.  to  Nov.      20 
Oct.  to  Dec      15 
May  to  July      8,19 
July  to  Aug      13,19 
July  to  Sept    3, 11, 13,  20 
Aug.  to  Sept      H 
July  to  Sept    13 
Sept.  to  Oct    6 
June  to  Aug.  _         ,     13 

C.  drummondii      Southwestern  United  States    March  to  Sept. 
C.  flaynmula.-..   ._..            Aug.  to  Oct. 
C.  ligusticifolia^      California      March  to  Apr.. 

Texas    March  to  Sept. 
Colorado,  Utah         _..  May  to  Aug   

C.  paiiciflora      California       March  to  Apr. 
C.  verticillaris                May  to  June  . . 
V.  virginiana            July  to  Sept. 

Minnesota    June  to  July     . 
C.  vitalba^       Northeastern  United  States    July  to  Sept.  . 

France            June  to  July    .- 
C.  viticella  \_           Northeastern  United  States  June  to  Aug.    . 

'  Seed  dispersal  usually  occurs  within  one  month  after  ripening. 
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Table  3. — Clematis:  size,  year  of  first  cultivation,  and  flower  color 

Species 

Length 
at 

maturity 

C.  driimmondii 
C.  flammula   
C.  ligusticifolia 
C.  pauciflora   
C.  verticillaris^^^ 
V.  virginiana  .... 
C.  vitalba   
C.  viticella   

^  Fragrant. 

Feet 

10  to  15 
3  to  40 

to  9 

12  to  20 
to  33 
to  15 

Year  of 

first cultivation 

Flower 
color 

Data 

source 

    White   
1509      ...do   
1880      - -do     
Before  1935        do    
1797       Purple   
1726       Creamy-white 

Long  cultivated         White  ' 
1597        ̂          Purplish     

20 

1,13 
13,  20 
7 
3,13,  IJt 

13,20 

13 

13 

Table  4. — Clematis:    cleaned  seeds  per  pound 

Species 
Place  of 
collection 

Range Average 
Samples 

Data 
source 

C.  flammula    Europe           
C.  ligusticifolia    California   

Utah   
C.  pauciflora    California       
C.  verticillaris    Minnesota 
C.  virginiana    Baraga  Co.,  Michigan 
C.  vitalba    Europe 
C.  viticella      Europe 

Number Number Number 

25,000 1 

12 

93,000 
1 8 

300,000-328,000 

'  315,000 

3  + 

9 

85,000 1 8 

64,000 
1 

17 

182,000-202,000 192,000 2 

17 

'  320,000 

1 12 

22,000-  47,000 27,000 3 12 

Styles  removed. 
Styles  presumably  removed. 

vitalba  and  C.  viticeUa  {2)  indicate  that  warm 
plus  cold  stratification  may  be  needed. 

Germination  tests. — Germination  tests  can  be 
run  on  pretreated  seed  in  sand  flats  or  germi- 
nators  for  40  to  60  days  at  68°  F.  (night)  to  86"^' 
(day)  {18).  Test  results  available  for  four 
species  are  shown  in  table  5.  Germination  of 
untreated  seeds  of  C.  flammula,  C.  verticillaris, 
C.  vitalba,  and  C.  viticella,  was  less  than  1  per- 

cent after  60  days  (12,  17). 

Nursery  practice.— Information  on  nursery 
practice   is   limited.    General   recommendations 

Table  5. — Clematis:    germination  test  results 
on  stratified  seeds 

Species 
Test 

duration 
Germi- nation       Tests 
capacity 

Data 
source 

C.  drummondii . 
C.  ligusticifolia 
C.  pauciflora   
C.  virginiana   

Days 
40 

200 

60 

Percent    Number 
76 

11  to  84 
36 
32 

10 S,10,16 
8 17 

are  to  sow  untreated  seed  in  the  fall  or  to  sow 
in  the  spring  using  seed  stratified  over  winter 
{1).  Untreated  fall-sown  seeds  of  C.  vitalba  and 
C.  viticella  have  germinated  the  following  fall 
(2).  Ornamental  species  and  horticultural  varie- 

ties are  propagated  vegetatively. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Bailey,  L.  H. 
1939.  The  standard  cyclopedia  of  horticulture. 

3,639  p.  The  Macmillan  Co.,  New  York. 
(2)  Blair,  Faris  M. 

1959.  Raising    from    seed    large-flowered    cle- 
matis. Garden  J.  9(1):   11,  14-15,  29. 

(3)  Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. 
American  Book  Co.,  New  York. 

(4)  Fordham,  A. 
1960.  Propagation  of   woody   plants   by   seed. 

Arnoldia  20 :  33-40. 

(5)  Heit,  C.  E. 

1968.   Thirty-five  years'  testing  of   tree   and 
shrub  seed.  J.  For.  66(8):  632-634. 

(6)  Loiseau,  J. 
1945.  Les  arbres  et  la  foret.  204  p.  Paris. 
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(7)  McMinn,  H.  E. 
1951.  An  illustrated  manual  of  California 

shrubs.  663  p.  Univ.  Calif.  Press,  Berkeley. 
(8)  Mirov,  N.  T.,  and  Kraebel,  C.  J. 

1939.  Collecting  and  handling  seeds  of  wild 
plants.  Civilian  Conserv.  Corps  For.  Publ. 
5,  42  p. 

(9)  Plummer,  A.  Perry. 
Data  filed  1969.  USDA  Forest  Serv.,  Intermt. 

Forest  and  Range  Exp.  Sta.,  Ephraim, 
Utah. 

(10)        Christensen,     Donald     R.,    and     Monsen, 
Stephen  B. 

1968.  Restoring  big-game  range  in  Utah.  Utah 
Div.  Fish  and  Game  Publ.  68-3,  182  p. 

(11)  Radford,  A.  E.,  Ahles,  H.  E.,  and  Bell,  C.  R. 
1964.  Guide  to  the  vascular  flora  of  the  Caro- 

linas.  383  p.  The  Book  Exchange,  Univ. 
North  Carolina,  Chapel  Hill. 

(12)  Rafn,  Johannes,  and  Son. 

(n.d.,  circa  1928).  Skovfrokontoret's  Froana- 
lyser  gennem  40  Aar,  1887-1927.  Udfort 
paa  Statsfrokontrollen  i  Kobenhavn.  5  p. 
Copenhagen.    (In  Danish.) 

(13)  Rehder,  A. 
1940.  Manual  of  cultivated  trees  and  shrubs 

hardy  in  North  America.  Ed.  2,  996  p.  The 
Macmillan  Co.,  New  York. 

(14)  Rosendahl,  Carl  Otto. 
1955.  Trees  and  shrubs  of  the  upper  Midwest. 

411  p.  Univ.  Minn.  Press,  Minneapolis. 
(15)  Rydberg,  P.  A. 

1922.  Flora  of  the  Rocky  Mountains  and  ad- 
jacent plains,  Colorado,  Utah,  Wyoming, 

Montana,  Saskatchewan,  Alberta,  and 
neighboring  parts  of  Nebraska,  South  Da- 

kota, and  British  Columbia.  1,143  p.  New 
York. 

(16)  Swingle,  Charles  F.  (compiler). 
1939.  Seed  propagation  of  trees,  shrubs,  and 

forbs  for  conservation  planting.  SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., D.C. 

(17)  USDA  Forest  Service. 
Seed  test  data  1928  to  1942  and  1970.  North 

Cent.  Forest  Exp.  Stn.,  St.  Paul,  Minn. 

(18)    
1948.  Woody-plant  seed  manual.  U.S.  Dep. 

Agric.  Misc.  Publ.  654,  416  p. 
(19)  Van  Dersal,  W.  R. 

1938.  Native  woody  plants  of  the  United 
States:  their  erosion-control  and  wildlife 
values.  U.S.  Dep.  Agric.  Misc.  Publ.  303, 362  p. 

(20)  Vines,  Robert  A. 
1960.  Trees,  shrubs,  and  woody  vines  of  the 

Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- tin. 
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Leguminosae — Legume  family 

COLUTEA  ARBORESCENS  L.  Common  bladder-senna 

by  Paul  0.  Rudolf  ̂  

Growth   habit,  occurrence,  and   use. — Native 
to  southern  Europe  and  North  Africa,  common 
bladder-senna  is  a  deciduous  shrub  or  small  tree 
7  to  15  feet  tall,  introduced  into  cultivation  in 
1570,  chiefly  for  ornamental  purposes  (4).  It 
may  also  be  of  value  for  wildlife  food  and  cover 
and  shelterbelts  (7).  This  drought  resistant 
shrub  represents  one  of  about  10  species  in  the 
genus  (4).  It  grows  in  almost  any  soil  but  pre- 

fers a  moderately  dry  and  sunny  position.  It  is 
not  completely  hardy  in  the  northern  United 
States  (1).  Two  forms  of  the  species  (f.  crispa 
Kirchn.  and  f.  bvUata  Rehd.)  are  recognized, 
and  a  hybrid  C.  ■  media  Willd.  (C.  arhorescens 
X  orientalis)  has  been  known  since  before 
1790  (^). 

Flowering  and  fruiting. — The  perfect,  bright- 

yellow  flowers  are  about  •'*  |.  inch  long  and  occur 
in  6  to  8  flowered  axillary  racemes  (4).  They 
bloom  from  May  to  July  (sometimes  to  Septem- 

ber) (1,  2,  J^).  Common  bladder-senna  fruits  are 
indehiscent  inflated  pods,  glabrescent,  greenish 
or  slightly  reddish  near  the  base,  and  about 
21/2  to  3  inches  long  when  ripe  (4).  They  ripen 
from  July  to  October  (4).  Each  pod  contains 
several  small  seeds. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Ripe  pods  are  picked  from  the  trees  in 
late  summer  or  fall  and  spread  in  a  well-aerated 
shed  to  dry.  The  pods  are  threshed  to  remove  the 
seeds  and  then  debris  is  fanned  out.  Cleaned 
seeds  per  pound  range  from  27,000  to  55,000  and 

average  34,000  (4-f  samples)-'  (3,  5,  6).  Purity 

was  92  percent  in  one  sample  (4).  The  seed  are 
stored  dry ;  no  data  on  longevity  under  storage 
are  available. 

Germination. — The  seed  have  hard  coats  and 
do  not  germinate  well  without  pretreatment  (10 
to  19  percent  in  three  tests).  Soaking  the  seed 
in  concentrated  sulfuric  acid  before  sowing  in 
nursery  beds  has  promoted  good  germination 
(6).  Germination  of  pretreated  seeds  may  be 

tested  in  germinators  at  68'  F.  (night)  and  86" 
(day)  for  30  days. 

Nursery  practice. — Untreated  seed  may  be 
sown  in  the  fall,  but  scarified  seed  is  needed  for 
spring  sowing  (1,  6).  About  10  percent  of  the 
seed  sown  will  produce  usable  plants  (5).  The 
species  may  also  be  propagated  by  cuttings  of 
mature  wood  inserted  in  sandy  soil  {!). 

'  North  Central  Forest  Exp.  Stn. 

-  Rafn  (3)  reports  an  average  of  271,000  seeds  per 
pound  for  two  samples,  but  this  number  appears  to  the 
author  to  indicate  a  misplaced  decimal  point. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
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Cornaceae — Dogwood  family 

CORNUS  L.  Dogwood 

by  Kenneth  A.  Brinkman  ^ 

w- 

m 

Growth  habit,  occurrence,  and  use. — About  40 
species  of  dogwood  are  native  to  the  temperate 
regions  of  the  Northern  Hemisphere,  and  one 
is  found  in  Peru.  Most  species  are  deciduous 
trees  or  shrubs  (two  are  herbs)  useful  chiefly 
for  their  ornamental  qualities — flowers,  fruit, 
foliage,  or  color  of  twigs.  The  wood  is  hard 
and  heavy;  that  of  the  tree  species  is  used  for 
turnery   and   charcoal.    Some   species   produce 

'  North  Central  Forest  Exp.  Stn. 

edible  fruits  {6,  7),  and  the  bark  of  others 
contains  a  substitute  for  quinine.  Distribution 
data  and  chief  uses  of  13  species  of  present  or 
potential  importance  in  the  United  States  are 
listed  in  table  1.  The  taxonomy  of  the  dogwoods 
is  uncertain;  some  species  names  probably 
should  be  considered  synonyms   {20). 

Flowering  and  fruiting. — The  small,  perfect 
flowers — white,  greenish  white  or  yellow  in 
color — are  borne  in  terminal  clusters  in  the 
spring.  In  Cornus  florida  and  C.  nuttalUi,  the 

Table  1. — Cornus:  nomenclature,  occurrence,  and  uses;  data  compilers 

   ItcTanon^l^r  Comn
.onnan.es 

C.  alba  L          Tatarian  dogwood 
C.  tatarica  Mill. 

C.  alternifolia  L      alternate-leaf 
dogwood, 
pagoda  dogwood, 
blue  dogwood. 

C.  amomiim  Mill    silky  dogwood, 
C.  sericea  L.  kinnikinnik, 
C.  cyanocarpa  Moench.  red-willow. 
C.  coerida  Lam. 

C.  califortiica       California 
C.  A.  Meyer.  dogwood,  western 

C.  occientalis  x  red  dogwood, 
stolonifera,  creek  dogwood. 

C.  pubescens  var. 
californica  Coult. 
and  Evans. 

C.  canadensis  h        .  bunchberry, 
Chemaepe  r  iclyinenum  bunchberry 

canadensis  (L.)  dogwood,  dwarf 
Aschers  and  Graebn.  cornel. 

Conrella  canadensis  (L.) 
Rydb. 

C.  drummondii  C.  A.  Meyer        roughleaf 
C.  priceae  Small  dogwood. 

Occurrence 

Uses' 

Data  compilers 
for  the  species 

C.  floridah.       
Cynoxylon  floridum  Raf., 

Benthamidia  florida  (L.) 

Spach. 
C  kousa  Hance        - 
Benthamia  japonica 

Sieb.  and  Zucc. 
C.  japonica  Koehne. 

C.  mas  (L.)       
C  mascula  Hort. 

flowering  dogwood, 
dogwood. 

Japanese 
dogwood, 
Kousa  dogwood. 

Cornelian-cherry, 
Corneliancherry 
dogwood. 

Siberia  to  Manchuria  and  W   
North  Korea. 

Newfoundland  to  south-  H,  E   
eastern  Manitoba,  south 
to  Missouri  and  eastern 
Arkansas,  east  to  Georgia. 

Maine  to  Indiana,  south  to  H,  W,  E 
Georgia  and  Florida. 

Paul  0.  Rudolf. 

Richard  F.  Watt. 

F.  L.  Pogge  and 
T.  D.  Gill. 

Southern  British  Columbia 
to  northern  Idaho,  south 
to  southern  California. 

H,W,  E      Douglas  F.  Roy. 

Southern  Greenland  to  H,  E     .  _    William  F.  Johnston. 
Alaska,  south  to  Maryland, 
west  to  South  Dakota, 
New  Mexico,  and 
California. 

Southern  Ontario,  Ohio,  and       H,  E        Richard  F.  Watt. 
Kentucky,  west  to 
Nebraska, south  to  Texas 
and  Mississippi. 

Eastern  United  States  T,  H,  W, 
E    Do. 

Japan,  Korea       E      Paul  0.  Rudolf. 

Central  and  southern  H,  E    Do. 
Europe  and  western  Asia. 

336 



CORNUS 

Table  1. — Cormis:  noynendahire,  occurrence,  and  uses;  data  compilers — Continued 

Scientific  names 
and  synonyms 

Common  names Occurrence 

Uses' 

C.  nuttallii  Audubon   
Cynoxiilon  ynUtallii 

Shafer. 
Benthamidii  nuttallii 

(Audubon)  Moldenke. 

C.  racentosa  Lam.     
C.  circinata  L'Herit. 

C.  rugosa  Lam. 
C.  circinata  L'Herit. 

C.  stolonifera  Michx. 
C.  sericea  L. 
C.  baileyi 

Coult.  and  Evans. 
Svida  interior  Rydb. 
S.  stolonifera 

(Michx.)  Rydb. 

Pacific  dogwood, 

western  flowering- dogwood, 
mountain  dogwood. 

gray  dogwood, 
western  dogwood. 

roundleaf  dogwood, 
round-leaved 
dogwood, 
roundeaf  corne. 

red-osier  dogwood, 
American  dogwood, 
kinnikinnik, 

squawbush. 

Southwestern  British 
Columbia,  western 
Washington  and  Oregon, 
south  in  mountains  to 
southern  California. 
Also  in  central 
western  Idaho. 

Maine  to  Manitoba,  south 
to  Florida,  west  to 
Missouri  and  Oklahoma. 

Quebec  to  Manitoba,  south 
to  Virginia,  west  to 
northeastern  Iowa. 

Newfoundland  to  Alaska, 
south  to  California,  New 
Mexico  and  Nebraska, 
in  northeastern  United 
States  from  Wisconsin 
to  New  York. 

Data  compilers 
for  the  species 

T,  H,  E       E.  L.  Mowat. 

H,  E  Richard  F.  Watt. 

H,  E  Gayne  G.  Erdmann. 

H.  E  William  F.  Johnston. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 

clusters  are  surrounded  by  a  conspicuous  en- 
larged involucre  of  four  to  six  white  or  pinkish 

petallike,  enlarged  bracts.  Fruits  are  globular 
or  ovoid  drupes  Vh  to  Vi.  inch  (-3  to  6  mm.)  in 
diameter  (color  plate),  with  a  thin  succulent  or 
mealy  flesh  containing  a  single  two-celled  and 

usually  two-seeded  bony  stone  (figs.  1  and  2). 
In  many  stones,  only  one  seed  is  fully  developed. 
Fruit  ripens  in  the  late  summer  or  fall  (table  2). 
Data  on  minimum  seed-bearing  age  and  fruiting 
frequency  are  limited  (table  3).  Seed  dispersal 
is  largely  by  birds  and  animals. 

Table  2. — Cormis:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data source 

C.  alba 

C.  alternifolia 
C.  amomum   

Eastern 
United  States. 

C.  xcalifornica 
C.  canadensis 
C.  drumtnondii 

C.florida       

California 

May  to  June 

May  to  July 
do 

April  to  August 
May  to  June 

'do 

C.  kousa. 

C.  mas. 

C.  nuttallii   

C.  racemosa ... 

C.  rugosa   

C.  stolonifera 

Southern 
United  States. 

Northern 
United  States. 

Eastern 
United  States. 

Japan 

Central  Europe 
Eastern 

United  States. 

March  to  April 
May     -    

June     -      

June  to  July 

August  to 
September. 

July  to  September 
August  to 

September. 
July  to  November 
August      
August  to  October 

October    

September 

August 

July  to  September 
September 

August  to  October 
August  through 

winter. 
Throughout 

November. 
  do   

Northern 
Minnesota. 

March  to  April 
February  to 

March. 
April  to  May 
Late  May 

to  July. 

May  to  June     - 

June  to  August 

May  to  July      . 

September  to 
October. 

August  to  October 
August  to 

September. 
September  to 

October. 
July  to  October 

August  to 
September. 

September  to 
October. ..do 

July  to  October May  persist  over winter. 

36 

8,J,8 
8,  10,21,36 
27 

8,23,38,  48 

8,J,2 

i8,  52 

2,  33,  36 

•54 

25,  33,  36,  53 
36,  54 

48,49 

48,  49 

4,  8,  36,  37 
23 

8,36,37,51 
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C.  alternifolia 
alternate-leaf  dogwood 

C.  amomum 
silky  dogwood 

C.    Xca/ifornica 

California  dogwood 

13 

t^■!r■■■ 

•^S^" 

*s$^:..,. 

C.  drummondii 
roughleaf  dogwood 

C.   florida 
flowering  dogwood 

C.  racemosa 

gray  dogwood 

C.  nuttallii 
Pacific  dogwood 

Figure  1. — Cornus:  cleaned  stones   (seeds),  6   X. 
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Table  3. — Cornus:  height,  seed-hearing  age,  seed  crop  frequency,  and  fruit  7'ipeness  criteria 

Species 
Height 

at 
maturity 

Year  of 
first 

culti- vation 

Seed-bearing  age 

Minimum 
Data 

source 

Interval  between 
large  seed  crops 

Time 

Feet 

C.  alba    10 
C.  alternifolia    15-25 
C.  amomum    10 

C.  xcalifomica       15 
C.  canadensis        1 

C.  drummondii  25-45 
C.  florida    20-40 
C.  ko2(sa    25 

C.  mas    26 
C.  miUallii    20-80 

C.  racemosa    12 
C.rugosa        10 

C.  stolonifera        10-20 

1741 
1760 
1658 

1836 
1731 
1875 

Ancient 
1835 

1758 
1784 

1656 

Years 

4-5 

10 

Years 

6,7 

52 

h9 

1-2 

2 

Fruit  ripeness 
criteria 

Data 
Ripe Data 

source 
color source 

Bluish  white 

36 

Dark  blue  .       - 

S6 

lU 

Pale  blue  or 
bluish  white. 

8,36 White           

27 

Bright  red 
8 

or  scarlet. 
White     _ 8 

52 Dark  red 8 
O 

Rose  red- 

pinkish. 

36 

Scarlet 36 

-46* 

Bright  red 
to  orange. 

36 White   36 

Light  blue 

8,36 
to  white. 

White  or  lead 8 
colored. 

Collection  of  fruits. — To  reduce  losses  to  birds, 
fruit  should  be  collected  as  soon  as  ripe  by 
stripping  or  shaking  from  the  branches.  Short 
ladders  may  be  useful  for  collecting  fruit  from 
the  taller  species,  but  ordinarily  this  can  be 
done  from  the  ground.  Fruit  of  C.  florida  should 
not  be  collected  from  isolated  trees  because 
these  seem  to  be  self-sterile,  and  a  high  per- 

centage of  the  seeds  will  be  empty  (30). 

Extraction  and  storage  of  seeds. — Dogwood 
stones  can  be  sown  without  extracting  them 
from  the  fruit ;  commercial  seed  may  consist 
of  either  dried  fruit  or  clean  stones  (table  4). 
After  collection,  the  fruit  may  be  sown  imme- 

diately or  stratified  for  spring  planting.  Seed 
to  be  stored  usually  is  cleaned  to  reduce  bulk. 
If  cleaning  cannot  be  done  soon  after  collection. 

Figure  2. — Cornus  stolonifera,  red-osier  dogwood:  A, 
longitudinal  section  through  an  embryo  of  a  stone; 
B,  transverse  section  of  a  stone  containing  two  em- 

bryos; C,  transverse  section  of  a  stone  having  a  single 
embryo.   (6   X.) 

Table  4. — Cornus:  cleaned  stones  per  pound  and  other  yield  data 

Species 
Stones  per 

100  pounds 
of  fruit 

Cleaned  stones  per  pound 
Range Average Samples .Data  source 

C.  alternifolia 
W.  amomum   
C.  Xcalifomica 
C.  canadensis  . 
C.  drummondii,^, 
C.  florida   
C.  kousa   
C.  mas   
C.  niittallii '   
C  racemosa   
C.  rugosa   
[C.  stolonifera   

Pounds 

17-20 

18-27 
19-46 

15 
12 

18-25 

15-20 

Number 

5,900-  9,300 
10,200-14,000 

59,000-77,000 
8,600-21,000 
3,300-  6,200 
6,500-  8,300 
1,600-  3,400 
4,000-  6,100 

10,200-15,300 

13,800-26,700 

Number 
Number 

8,000 

6 

U,  U8 12,200 6 5,  10,  UU,   50 
33,400 1 

U7 

67,000 2 

h8 

15,700 5 

hh,  J,6 4,500 

11 

30,  44,  -tfS 

9,700 

3 

2,  1.0 
2,300 

22 

13,  31,  J,J, 

4,700 
4 

28,  29,   50 13,000 11 1,1,  U,  i8 

19,000 
1 

U6, 

18,500 9 

U,  1*8 
^  One  bushel  of  fruit  clusters  weighed  33  pounds  and  yielded  4  pounds  of  stones  {29). 
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Table  5. — Co. rnus:  stratification treatments 

Medium 
Warm  period Cold  period 

Species 
Tempera- 

Dura- 
Tempera- 

Dura- 

Data source 

ture 
tion ture 

tion 

"F. 

Days 

"F. 

Days 

C.  altemifolia   -     Sand,  peat,  or  mixture   -.       86-68 60 41 60 
•46 

C.  amomum  ^   ...  "Moist"   38-41 
21-28 5 

Sand,  peat,  or  moss   41 90-120 18,  50 
C.  canadensis   — .  Sand,  peat,  or  mixture   

77 
30-60 

33 

120-150 

48 

C.  drumynondii  -   ._..  Sand   ...       70-80 1 41 

30 

i6 

C.  florida     _-..  Sand   41 
120 

12,46 

C.  kousa..     -—  Sand,  peat,  or  vermiculite 34-41 

40-120 3,  22,  U 

C.  vias   .._   Soil  or  vermiculite   68-86 
120 

34-56 
30-120 

16,40 

C.  nuttallii   ....  Peat   38 90 

50 

C.  racemosa   ....  Sand   _.       68-86 

60 

41 

60 

46 

C.  rugosa   ....   Soil   
(Outdoors 

over  winter) 
32,  34,  35 

C.  stolonifera '   
..     Sand   35-41 60-90 35,46 

Sand   ... .... 41 
60-90 

46 

^  Seeds  were  soaked  for  3  hours  in  water  at  room  temperature  before  stratification  (18). 
"Seeds  were  mechanically  scarified  before  stratification  (46). 
"Seeds  were  soaked  for  1  hour  in  sulfuric  acid  before  stratification  (46). 

the  fruit  should  be  spread  out  in  shallow  layers 
to  prevent  excessive  heating,  but  slight  fer- 

mentation facilitates  removal  of  the  pulp  (31, 
48).  The  stones  can  be  readily  extracted  by 
macerating  the  fruit  in  water  or  running  them 
through  a  hammer  mill,  allowing  the  pulp  and 
empty  stones  to  float  away  (30,  48).  Clean,  air- 
dried  stones  may  be  stored  in  sealed  containers 

at  38^  to  41''  F.  (16,  30,  43,  .^.4).  Limited  data 
indicate  that  stones  may  be  stored  for  2  to  4 
years  (16,  31). 

Pregermination  treatments. — Natural  germi- 
nation of  most  species  occurs  in  the  spring 

following  seedfall,  but  some  seeds  do  not  germi- 
nate until  the  second  spring.   Germination  is 

epigeal  (fig.  3).  Seeds  of  all  species  show  de 
layed  germination  due  to  dormant  embryos 
in  most  species  hard  pericarps  also  are  preseni 
Where  both  types  of  dormancy  exist  warn 
stratification  for  at  least  60  days  in  a  mois 
environment  followed  by  a  longer  period  at  i 
much  lower  temperature  is  required  (table  5) 
Immersion  is  concentrated  sulfuric  acid  for 
to  3  hours  or  mechanical  scarification  can  b 
used  in  place  of  warm  stratification.  Soakin; 
stones  in  gibberellic  acid  for  24  hours  also  ha 
been  successful  for  C.  drnmmondii  (11)  and  C 
florida  (24).  In  species  having  only  embryo 
dormancy,  this  can  be  broken  by  low-tempera 
ture  stratification. 

Table  6. — Cornns:  germination  test  conditions  ayid  results 

Germination  test 

  conditions '    Germinative  Germinative 

^P^^'^^               S            Duration   '-^^^^   ^^P^dt^^  P.Hty  ̂ ^^l^ 
efiod           ̂ "'^ation  Amount          Period  Average  Samples 

Hours              Days  Percent           Days  Percent  Number  Percent 
C.  altemifolia     .               8                   60  8                    50  10               2  63             46 

C.amommn         8-24            14-28  =86                    11  70               6  91             17,18,32,48,50 
C.  canadensis     ....                           60-90  6                   26  16               5  90             1,32 
C.  drummondii.....              8                   50  14                   34  25               3  89             .4.4, 48, 46 
C.  florida         ....                 8                   60  14-45              15-20  35               7  97             48,46 
C.  kousa               ....                   30  ....                    ....  85               2  ....             19 
C.mas.               ....                   ....  ...                   ....  57               6  95             40 
C.  nuttallii..          8-24                   47  57                   16  81               2  100             48,50 
C.  racemosa     ... ..              8                   60  22-30                   14  20               8  83             46 
C.  rugosa               8                   60+  8                   15  46               4  95             32,45,46 

C.  stolonifera             ....             60-90   35  13-18  57             18   99  1,26,35,46 

'  Temperaturf.s  were  86°  F.  for  8  hours  and  68°  F.  for   16  hours  each  day.   Sand  was  the  medium  used  on  a 
listed  species.  Additional  tests  were  made  on  wet  paper  in  germinators  with  seeds  of  C.  amomum,  C.  kousa,  ar : 
C.  nuttallii  (19,  50). 

-  One  test. 
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Germination  tests. — Adequate  gennination 
tests  can  be  made  in  sand,  on  peat  mats,  or  in 
germinators  using  at  least  400  properly  pre- 
treated  seeds  per  test.  Temperatures  alternated 

diurnally  from  86°  to  68°  F.  appear  to  be 
satisfactory  for  all  species  (table  6),  although 
{17)  recommended  86°  and  50°  F.  for  C. 
amomnm.  Excised  embryos  also  have  been  used 
(9,  15). 
Nursery  practices. — Best  results  for  most 

species  are  obtained  when  freshly  collected 
stones  or  fruits  are  sown  in  the  fall  as  soon 
after  cleaning  as  possible  (17,  41).  Dry-stored 
stones  probably  should  be  soaked  in  water  and 
sown  before  October  (17).  Fruit  collected  too 
late  for  fall  sowing  should  be  cleaned,  stored 

j  over  winter  and  spring,  stratified  in  summer 
'  and  sown  in  the  fall  (31,  39).  An  alternate 
procedure  is  to  stratify  the  seeds  at  about  40° 
F.  for  3  to  4  months  during  the  winter  and  sow 

i  them  in  the  spring  (12,  39,  43).  Seeds  in  nursery 
beds  should  be  covered  with  i/4  to  i/)  inch  of 
soil  (18,  30,  31,  41,  48).  Seeds  sown  in  the 
fall  should  be  mulched  during  the  winter  with 
1/2  to  1  inch  of  sawdust  (17,  30,  41). 
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Betulaceae — Birch  family 

CORYLUSU 

CORYLUS 

Hazel,  filbert 
bv  K.  A.  Brinkman 

Growth  habit,  occurrence,  and  use. — The  ha- 
zels include  about  15  species  of  large,  deciduous 

shrubs,  rarely  small  trees,  that  occur  in  the 
temperate  parts  of  North  America,  Europe, 
and  Asia.  Some  species  are  grown  for  their 
nuts  or  for  ornament,  and  most  species  provide 
food  for  wildlife.  For  many  years,  Corylvs 
aveUana  has  been  cultivated  for  the  commercial 
production  of  filberts,  mostly  in  Europe  but  to 
some  extent  in  the  United  States.  Years  of  first 
cultivation  for  other  species  are  as  follows :  C. 
americana — -1798 ;  C.  cornvta  var.  cornuta — 
174.5;  and  C.  cornuta  var.  calif  ornica — 1910.  In 
this  country,  four  species  have  present  or  poten- 

tial value  for  wildlife,  shelterbelt,  or  environ- 
mental plantings  (table  1). 

Flowering  and  fruiting. — Male  and  female 
flowers  are  borne  separately  on  1 -year-old 
lateral  twigs  of  the  same  plant.  They  are  formed 
late  in  the  summer  and  open  the  following 
spring  before  the  leaves  appear  (table  2).  By 

'  North  Central  Forest  Exp.  Stn. 

late  summer  or  early  fall,  the  fertilized  female 
flowers  develop  into  fruits.  These  are  round  or 
egg-shaped,  hard-shelled,  brown  or  dark-tan 
nuts.  Each  nut  is  enclosed  in  an  involucre  or 
husk  consisting  of  two  more  or  less  united 

haii'y  bracts  (figs.  1  and  2).  Natural  seed  dis- 
persal is  chiefly  by  animals  or  birds.  Large  seed 

crops  are  produced  at  irregular  intervals, 
usually  every  2  or  3  years  (S,  17). 

Collection  of  fruits. — Hazel  nuts  may  be  eaten 
by  rodents,  larger  animals,  or  some  birds  even 
before  they  are  fully  mature.  To  reduce  such 
losses,  fruits  should  be  picked  as  soon  as  the 
edges  of  the  husks  begin  to  turn  brown.  This 
may  be  as  early  as  mid-August. 

Extraction  and  storage  of  seeds. — The  fruits 
should  be  spread  out  in  thin  layers  to  dry  until 
the  husks  open  enough  so  that  the  seeds  can 
be  removed  by  flailing.  Yields  and  number  of 
seeds  per  pound  vary  even  within  species  (table 
3).  If  not  sown  in  the  year  of  collection,  seeds 
of  C.  avellana  may  be  stored  until  the  follow- 

ing fall  when  stratified  in  moist  sand  (8).  Seeds 

Table  1. — Corylus:  nomenclatiire,  occurrence,  and  uses;  data  compilers 

Scientific  names                        Common 
and  synonyms                            names 

Occurrence 

Uses' 

Data  compilers 
for  the  species 

C.  americana      American  hazel. 
Marsh.                                 American  filbert. 

C,  avellana  L          European  hazel, 
European  filbert. 

C,  cornuta  var.                       beaked  hazel, 

cornuta  Marsh.                  beaked  filbei't. 
C.  rostrata  Ait. 

C.  cor/iufa  Marsh      California  hazel, 
var.  California                     California  filbert 
(A.DC)  Sharp. 

Maine  to  Saskatchewan, 
south  to  Georgia ;  west 
to  Missouri  and 
Oklahoma. 

Europe,  to  5,000  feet 
in  central  Alps. 

Newfoundland  to  British 
Columbia,  south  to 
Georgia,  Missouri,  and 
eastern  Colorado. 

Coast  ranges  from  Santa 
Cruz  north  to 
British  Columbia. 

H,  S 

H,E,  S 

H,  E 

H,E      

Kenneth  A.  Brinkman. 

Paul  0.  Rudolf. 

Kenneth  A.  Brinkman. 

William  W.  Oliver. 

'  H  :  habitat  or  food  for  wildlife,  S  :  shelterbelt 

Table  2. — Corylus: 

E :  environmental  forestry. 

phenology  of  flowering and  fruiting 

Species                           Location 
Flowering 

dates 
Fruit  ripening                         Data 

dates                                source 

C.  americana       -      
C.avellana  -  ̂              Europe 
C.  cornuta 

\&v.  cornuta          Tennessee 

j    var.  calif  ornica    California 

March  to  May                            July  to  September                    1,  10,  16,  17 
February  to  April                    September  to  October              6,  8,  12,  18 

January  to  February         .     August  to  September              m 
January  to  February              September  to  October              7 
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5?: 

Figure  1. — Corylus  comuta  var.  calif omica,  California 
hazel:  mature  fruit  including:  husk,  1.5  X. 

15  mm 

Figure  2. — Corylus  comuta  var.  californica,  California 
hazel:  left,  longitudinal  section  through  a  nut;  right, 
exterior  view  of  nut  vnth  husk  removed;  both  views at  2   X. 

of  this  species  also  can  be  kept  for  a  year  in 
unsealed  containers  at  room  temperature.  Most 
of  the  viability  of  C.  americana  seed  and  some 
of  C.  comuta  var.  comuta  {15)  will  be  retained 
if  seeds  are  stored  in  sealed  containers  at  41° 
F.  Seeds  should  not  be  dried  before  storage, 
and  high  humidities  should  be  maintained  {3). 

Pregermination  treatments. — Hazel  seeds  re- 
quire 2  to  6  months  of  prechilling  before  ger- 

mination will  occur  {Jf,  5).  In  nurseries  this 
can  be  accomplished  by  fall  sowing  or  by  strati- 

fying outdoors  over  winter  before  planting. 
Seeds  may  benefit  from  alternations  of  warm 
and  cold  stratification,  but  the  best  methods 
have  not  been  worked  out. 

Germination  tests. — Germination  is  hypogeal 
(fig.  3).  The  seeds  have  a  dormant  embryo  and 
germinate  slowly  without  pretreatment ;  in  one 

Table  3. — Corylus:  cleaned  seeds  per  poimd  and  other  yield  data 

t Species 

Place 

of collection 

Seeds  per 

100  pounds 
of  fruit 

Pounds 

C.  americana             25-30 
C.  avellana    Europe  .-   -  60 
C.  comuta 

var.  coryiuta   
var.  californica      California   

Seeds  per 

bushel 
of  fruit 
Pounds 

33-39 

Cleaned  seeds  per  pound 

Range  Average    Samples         Data  source 

Number 
197-736 
160-535 

425-676 
400-418 

Number 

491 
364 
549 409 

Number 

11 244 
3 
2 

15,17 

2,  8,  9,  19,  13 

15 

9,13 

Table  4. — Coryhis:  germination  test  conditions  and  results 

Germination  test  conditions 

Species Medium 
Temperature      Dura- 

Germinative 

energy 

Germinative capacity 

Purity 

Day       Night tion     Amount    Period    Average  Samples 

"F. 

C.  americana      Sand    86 
C.  avellana     Sand  or  86 

germinator. 
C.  comuta 

var.  corriuta    Sand-—      86 
var.  californica...   Sand    86 
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"F.       Days    Percent     Days 
68  60 
68  60 

68  60 
68  90 

Percent  Number  Percent 

Data 

source 

10 30 13 2 96 U 

69 

13 95 

8,9,11 1 26 1 1 99 

U,15 

20 1 62 

U,15 
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experiment  unstratified  seeds  of  C.  americana 
germinated  throughout  a  year  {U^).  Results  of 
limited  tests  are  shown  in  table  4. 

Nursery  practice. — Although  spring  sowing 
of  stratified  seed  is  feasible,  most  nurseries 
plant  Corylus  seed  in  the  fall  (12).  In  Holland, 
seeds  of  C.  avellana  are  mixed  with  moist  sand 
for  several  months  before  sowing  in  the  fall 
(8).  In  Tennessee,  good  results  with  this  species 

were  obtained  by  storing  fresh  seed  dry  at  38° 
F.  until  planting  in  October;  average  tree 
percent  was  98  based  on  80-percent  viability 
(19).  Two  seed  lots  of  C.  americana  planted  in 
November  and  December  gave  tree  percents  of 
63  and  48,  based  on  70-  and  60-percent  viability. 
Seeds  of  both  species  were  sown  1  inch  deep  in 
drills  and  covered  with  1  to  1V;>  inches  of  saw- 

dust. Seedbeds  had  been  fumigated  with  methyl 
bromide.  If  seedling  densities  are  kept  low, 
from  four  to  six  per  square  foot,  hazel  can  be 
outplanted  when  a  year  old.  Horticultural 
varieties  usually  are  propagated  by  suckers, 
layers,  or  cuttings. 

Literature  and  Other  Data 
Sources  Cited 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

10) 

11) 

Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. American  Book  Co.,  New  York. 
Gorshenin,  N.  M. 

1941.   Agrolcsomelioratsiya.    [Agro-forest  me- 
lioration.]  392  p.   (In  Russian.) 

Heit,  C.  E. 
1967.  Propagation  from  seed.  Part  11.  Storage 

of  deciduous  tree  and  shrub  seeds.  Am. 

Nurseryman  126  (10):   12-13,  86-94. 

1968.  Propagation  from  seed.  Part  15.  Fall 
planting  of  shrub  seeds  for  successful  seed- 

ling production.  Am.  Nurseryman  128(4)  : 
8-10,  70-80. 

1968.    Thirty-five   years'   testing   of   tree   and 
shrub  seed.  J.  For.  66:  632-o34. 

Loiseau,  J. 
1945.  Les  arbres  et  la  foret.  204  p.  Paris. 

Munz,  P.  A.,  and  Keck,  D.  D. 
1959.  A  California  flora.  1,681  p.  Univ.  Calif. 

Press,  Berkeley  and  Los  Angeles. 
Nederlandsche  Boschh)OUw  Vereeniging. 

1946.  Boomzaden:  Handlieding  inzake  het 
oogsten,  behandelen,  bewaren  en  uitzaaien 
van  boomzaden.  171  p.  Wageningen.  (In 
Dutch.) 

Rafn,  J.,  &  Son. 

(n.d.,  circa   1928).   Skovfrokontoret's  Froana- 
lyser    gennem    40    Aar,    1887-1927.    Udfort 
paa    Statsfrokontrollen   i    Kobenhavn.   5    p. 
Copenhagen. 

Rosendahl,  C.  0. 
1955.  Trees  and  shrubs  of  the  Upper  Midwest. 

411  p.  Univ.  Minn.  Press,  Minneapolis. 
Shumilina,  Z.  K. 

1940.  Stratifikatsiya  semyan  drevesnykh  i 
kustarnikovykh  porod.  Vses.  Nauchno-issled 
Inst.  Agrolesomelior.  Goslestekhizdat,  Mos- 

kva. [Stratification  of  seeds  of  trees  and 
shrubs.  Transl.  OTS-60-51012,  64  p.,  1961. 

r^, 

Figure  3. — Corylus  cornuta  var.  californica,  California 
hazel :  seedling  development  30  days  after  germina- tion. 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

CFSTI,  U.  S.  Dep.  Commerce,  Springfield, Va.  22151.] 

Sus,  N.  I. 
1925.    Pitomnik.    (The  forest  nursery).   27   p. 

(In  Russian.) 
Swingle,  C.  F.   (compiler). 

1939.  Seed  propagation  of  trees,  shrubs,  and 
forbs   for   conservation   planting.   SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., 
D.C. 

USDA  Forest  Service. 
Seed    test    data    1928    to    1942.    North    Cent. 

Forest  E.xp.  Stn.,  St.  Paul,  Minn. 

1948.    Woody-plant    seed    manual.    U.S.    Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

Van  Der.sal,  W.  R. 
1938.    Native    woody    plants    of    the    United 

States:    their    erosion-control    and    wildlife 
values.    U.S.   Dep.   Agric.   Misc.    Publ.   303, 362  p. 

Vines,  R.  A. 

1960.   Trees,  shrubs,  and  woody  vines  of  the 
Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- tin. 

Wappes,  L. 
1932.  Wald  und  Holz  ein  Nachschlagebuch  fiir 

die  Praxis  der  Forstwirte,  Holzhandler  und 
Holzindustriellen.  Vol.  1,  872  p.  J.  Neumann, 
Berlin.   (In  German.) 

Zarger,  T.  G. 

Communication,    9/25/68.    Tenn.    Valley    Au- 
thority, Div.  Forest.  Develop. 
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Anacardiaceae — Cashew  family 

COTINUS  Mill.  Smoketree 

by  Paul  O.  Rudolf  ̂  

Growth    habit,    occurrence,    and    use. — The 
smoketrees  include  two  species  of  small,  decidu- 

ous trees  or  shrubs  widely  distributed  through 
southern  Europe  and  the  Himalayas  to  central 
China,  and  in  the  southern  United  States  (9). 
They  are  cultivated  primarily  for  ornamental 
purposes  {!).  The  durable  wood  of  C.  obovatus 
is  used  for  fence  posts  (H). 

The  two  species  are  of  interest  for  conserva- 
tion purposes  and  are  described  in  detail  in  table 

1.  The  height  at  maturity  and  the  length  of  time 
in  cultivation  for  these  species  are  shown  in 
table  2. 

Flowering  and  fruiting. — The  greenish-yellow 
flowers,  which  bloom  in  the  spring  or  summer, 
are  polygamous  or  unisexual  with  the  male  and 
female  flowers  borne  on  diff'erent  trees.  The 
fruit  is  a  dry,  compressed  drupe  about  Vf?  to  i/4 
inch  long  (0.3  to  3.6  cm.)  light  red-brown  in 
color,  containing  a  thick,  bony  stone  (fig.  1). 
Seed  crops  are  produced  annually,  but  are  often 
poor  (9,  16).  Details  on  time  of  flowering  and 
fruiting  for  the  two  species  are  given  in  table  3. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — The  fruits  may  be  picked  from  the 
bushes  by  hand  as  soon  as  they  are  ripe.  One 
authority  recommends  collecting  C.  coggygria 
fruits  slightly  green  (in  July)  and  sowing  them 
immediately  (10).  Otherwise,  the  dry  fruits 
should  be  run  through  a  hammer  mill  and  the 
debris  fanned  out   (8).   Data  on  seed  purity, 

soundness,  and  number  per  pound  for  the  two 
species  are  given  in  table  4. 

Information  on  seed  storage  is  sparse  but  one 
authority  reports  that  seed  of  C.  coggygria  will 
keep  satisfactorily  for  several  years  if  stored 
dry  in  open  or  sealed  containers  at  room  tem- 

perature (4). 
Pregermination  treatments. — Cotinus  seeds 

have  both  an  impermeable  seedcoat  and  an  in- 
ternal dormancy,  and  can  be  best  stimulated  to 

germinate  by  a  combination  of  sulfuric  acid 
treatment  and  cold  stratification  (table  5).  Less 

eff'ective  results  can  be  obtained  from  warm  (90 
days)  plus  cold  (150+  days)  stratification  (10). 

'  North  Central  Forest  Exp.  Stn. 
Figure  1. — Cotinus  obovatus,  American  smoketree:  lon- 

gitudinal section  through  a  seed,  24  x. 

Table  1. — Cotinus:  nomenclature,  occurrence,  and  uses;  data  cornpilers 
Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses' 

Data  compilers 
for  the  species 

Cotinus  coggygria  Scop. 
C.  coccygea  K.  Koch. 
Rhus  cotinus  L. 

common  smoketree, 
Aaronsbeard. 

Southern  Europe  to  central 
China  and  northwestern 
Himalayas. 

E   ..  Paul  0.  Rudolf. 

C.  obovatus  Raf. 
C.  americanus  (Nutt.) 

Britt. 
Rhus  cotinoides  Nutt. 

American  smoketree, 
chittam-wood. 

Northeast  Alabama  and 
adjacent  Tennessee, 
southwestern  Missouri, 
northwestern  Arkansas, 
and  eastern  Oklahoma 
to  southwestern  Texas. 

T=,  E 

R.  F.  Watt. 

^  T :  timber  production,  E :  environmental  forestry. 
"  Used  primarily  for  fence  posts. 
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Table  2. — Cotimis:  height  and  year  of 
first  cultivation 

Species 
Height 

at 
maturity 

Year  of 
first 

cultivation 
Data  source 

Feet 

C.  coggygria  7  to  16  1656  9 
C.  obovatus    6  to  35  1882  15,  16 

Table  3. — Cotinus:  phenology      of    flowering 
and  fruiting 

Species 
Location     f'lowering  Jl"^^ 

dates        ̂ °^^<^^ 

Data 

dates 

June  to       Aug.  to 
July.  Oct. 

C.  coggygria    Eastern 
United 
States. 

Yugoslavia  -   —   _  _   Aug.  to 
Nov. 

C.  obovatus    April  to     June  to 
May.  Sept. 

3,9,17 

10 

2,11,  H 

Germination  tests. — Pretreated  smoketree 
seed  may  be  tested  for  30  days  in  sphagnum 
flats  or  on  kimpak  in  germinators  (5,  5,  13). 
Average  test  results  for  two  species  are  shown 
in  table  6. 

Nursery  practice. — Smoketree  seed  may  be 
sown  in  the  fall  without  pretreatment  {8),  pref- 

erably immediately  after  collection  of  slightly 
green  fruits  {10),  or  in  the  spring  using  pre- 

treated seed  (7)  at  a  rate  to  produce  about  40 
seedlings  per  square  foot.  The  seed  should  be 
covered  with  %  to  %  inch  of  soil  (7,  8).  Fall- 
sown  beds  should  be  mulched  with  sawdust  {8). 
Seedlings  may  be  planted  as  1-0  stock  {8). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Bailey,  L.  H. 
1939.  The  standard  cyclopedia  of  horticulture. 

3,639  p.  The  Macmillan  Co.,  New  York. 
(2)  Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. 
American  Book  Co.,  New  York. 

Table  4. — Cotinus:    cleaned  seeds  per  pound 

Species 
Place  of 
collection 

Cleaned  seeds  per  pound 

Range Average 
Samples 

Data 

source 

C.  coggygria. 
C.  obovatus... 

Northeastern  United  States 
Taney  Co.,  Mo   

Number 

34,000-52,000 

Number 

44,200 
50,400 

Nuynber 

4  + 

1 6,  12 13 

Species 

Table  5. — Cotinus:  pre  germination  treatments 

Scarification 
time  in  HoSO. 

Stratification  treatments 

Medium Temperature Duration Data  source 

C.  coggygria 
C.  obovatus... 

Minutes 

20-80 
20-40 

Moist    peat - 
Plastic    bag- 

'F. 

38 
38 

Days 

60-80 
60 

3,  5 

13 

Table  6. — Cotinus:  germination  test  conditions  and  results  on  pretreated  seed 

Species 

vjermiiia uoii  tesi eonuiLioi 

IS 

_      Germinative 
energy 

Germinative 
capacity 

Sound- 
ness 

Medium 
Temperature 

Day        Night 
-   Dura- 

tion 

Data 

source 
Amount    Period Average  Samples 

C.  coggygria. 

C.  obovatus 

Germinator  ,- 

Sphagnum 
Kimpak  in 

germinator. 

68 
70 

'86 

°F. 

68 

70 

68 

Days 

30 21 46 

Percent       Days 

37              11 

Percent  Number 
80              2 
93              2 
39              3 

Percent 
70 

^60 

5,  12 3 

13 

'  With  light  for  8  hours. 
"  Purity  was  96  percent. 
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(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

Gonderman,  Robert  L.,  and  O'Rourke,  F.  L.  S. 1961.    Factors    affecting    the    germination   of 
koelreuteria   seed.    Plant   Propagators   Soc. 
Proc.  11:  98-100. 

Heit,  C.  E. 
1967.  Propagation  from  seed— Part  11.  Stor- 

age of  deciduous  tree  and  shrub  seeds.  Am. 
Nurseryman  126(10):  12-13,  86-94. 

1968.  Propagation  from  seed — Part  15.  Fall 
planting  of  shrub  seeds  for  successful  seed- 

ling production.  Am.  Nurseryman  128(4): 8-10. 

Communication,  1970.  N.Y.  State  Agric.  Exp. 
Stn.,  Geneva,  N.Y. 

Jack,  Ralph  A. 
Communication,    1969.    Silver   Falls    Nursery, 

Silverton,  Oreg. 
Mugford,  Delbert. 

Observations  filed  1969.  George  White  Nurs- 
ery, Mo.  Conserv.  Dep.,  Licking,  Mo. 

Rehder,  A. 
1940.  Manual  of  cultivated  trees  and  shrubs 

hardy  in  North  America.  Ed.  2,  996  p.  The 
Macmillan  Co.,  New  York. 

Soljanik,  Ivan. 
1961.  Proizvodnja  sadnica  od  nedozrelog  sum- 

skog  semena.  Savez.  Inz.  Tehn.  Sum,  Drvne 
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COTONEASTER 

Rosaceae — Rose  family 

COTONEASTER  B.  Ehrh. 

by  Paul  E.  Slabaugh 

Gotoneaster 

Growth  habit,  occurrence,  and  use. — The  co- 
toneasters  include  about  50  species  of  deciduous 
or  evergreen  shrubs,  or  rarely  small  trees,  native 
to  the  temperate  regions  of  Europe,  northern 
Africa,  and  Asia  except  Japan  (i).  They  are 
valued  as  ornamentals  for  their  glossy  green 
foliage,  attractive  fruits,  and  neat,  interesting 
habits  of  growth.  Fall  foliage  color  is  often  a 
showy  blend  of  orange  and  red.  As  a  group  these 
shrubs  produce  small,  inconspicuous  flowers  (5). 
The  more  hardy  species  are  used  commonly  in 
mass  plantings,  in  hedges,  and  in  shelterbelt 
plantings  in  the  northern  Great  Plains.  Five 
species  that  are  of  value  in  the  United  States 
are  described  in  table  1  (5,  8,  9,  15). 

Flowering  and  fruiting. — The  perfect,  white 
or  pinkish  flowers  occur  singly  or  in  clusters  at 
the  ends  of  leafy  lateral  branchlets.  The  fruits 
are  small,  black  or  red,  berrylike  pomes  which 
ripen  in  late  summer  or  early  fall  and  persist 
into  the  winter  {lit)  (fig.  1).  Each  fruit  contains 
from  one  to  five  seeds  {9)  (figs.  2  and  3), 
usually  three  for  C.  acutifolia,  C.  lucida,  and  C. 
melanocarpa,  and  two  for  C.  apiculata  and  C. 
horizontalis  (12).  The  phenology  for  four  of 
these  species  is  given  in  table  2. 

Collection  of  fruits. — The  ripe  fruits  should 
be  collected  by  hand  from  the  bushes  in  early 

fall,  preferably  after  leaf  fall.  The  firmness  of 
the  fruit  and  its  color  (table  3)  are  good  criteria 
of  ripeness.  One  investigator  (6)  recommends 
that  fruits  of  C.  acutifolia,  C.  lucida,  and  C.  me- 

lanocarpa be  collected  slightly  green.  The  mini- 
mum seed-bearing  age  of  C.  lucida  is  3  years, 

and  seed  crops  are  produced  annually. 
Extraction  and  storage  of  seed. — The  seeds 

may  be  extracted  by  running  the  fruits  through 
a  macerator  and  skimming  off  or  screening  out 
the  pulp.  The  majority  of  unfilled  seeds  can  be 
eliminated   by   floating   twice   in   water    (12). 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. Figure   1. — Cotoneaster:   fruit,   2    X. 

Table  1. — Cotoneaster:  nomenclat^ire,  occurrence,  and  uses 

Scientific  names  and  ^  ^ 
svnonvms  Common  names  Occurrence 

C,  acutifolia  Turcz     Peking  cotoneaster  ,  __  North  China;  North  Dakota  to  Nebraska 
C.  pekinensis  Zab.  and  upper  Midwest,  southern  Canadian 

prairie  provinces. 
C.  apiculata  Rehd.  &  Wils      cranberry  cotoneaster  Western  China;  North  Dakota  to  Nebraska 

and  upper  Midwest. 
C.  horizontalis  Decne     rock  cotoneaster,  rock-  Western  China;  North  Dakota  to  Nebraska 

C.  davidiana  Hort.  spray  cotoneaster,  and  upper  Midwest,  south  central  Wash- 
quincebei-ry.  ington. 

C.  lucida  Schlecht.      hedge  cotoneaster    Altai  Mountains  and  Lake  Baikal  region 
C.  acutifolia  Lindl.,  of  central  Asia. 

not  Turzc. 
C.  sijiensis  Hort. 

C.  melanocarpa  Lodd.       black  cotoneaster    Europe  to  northeast  and  central  Asia, 
C.  nigra  Fries.  north  Dakota  to  Nebraska. 

'  E :  environmental  forestry,  H :  habitat  or  food  for  wildlife,  S :  shelterbelts. 

Uses 

E,  S,  H. 

E. 

E,  S. 

E,  S. 

E,S. 

349 



COTONEASTER 

C.  apiculata 
cranberry  cotoneaster 

C.  horizon  talis 
rock  cotoneaster 

C.  lucida 
hedge  cotoneaster 

C.  melanocarpa 
black  cotoneaster 

Figure  2. — Cotoneaster :  seeds,  4  X. 

Seeds  may  be  removed  from  dried  fruits  by 
abrasion  {13).  Numbers  of  seeds  per  pound  for 
three  species  are  in  table  4.  Cotoneaster  seeds 
should  be  stored  dry  in  sealed  containers  in  a 
cool  place  {6).  Seeds  of  C.  divaricata,  a  species 
similar  to  those  discussed,  have  retained  their 
viability  for  more  than  2  years  v^hen  stored  at 
32  to  41°  F.  iU). 

Pregermination  treatments. — The  seeds  of 
many  cotoneasters  have  double  dormancy  due 
to  the  hard,  impermeable  seedcoats  and  the  in- 

ternal condition  of  the  embryo.  Pretreatment  to 
increase  first-year  germination  consists  of  modi- 

fying the  seedcoats  by  scarification  in  acid 
followed  by  cold  stratification  (2)   (table  5). 

■4.5  mm 

L-O 

Figure  3. — Cotoneaster  horizontalis,  rock  cotoneaster: 
longitudinal  section  through  a  seed,  12  X. 

I 

Table  3. — Cotoyieaster:    height,  year  of  first 
cultivation,  and  color  of  ripe  fruit 

Height 

Species  at  ma- 

turity 

Feet 
C.  acutifolia        6-13 
C.  apiculata         1-5 
C.  horizontalis  3-4 
C.  lucida         6-9 
C.  melanocarpa  -       5-8 

Year  of 
first 

culti- 

vation 

Color  of ripe 

fruit 

Data 

source 

1883  Black    i,  6 
1910  Red    9 
1880  Bright  red. _   9 
1840  Black    6,10 
1829  Black    _.„  5,  6 

i 

The  thickness  of  the  seedcoat  varies  by  species 
and  by  seed  lot  from  year  to  year.  This  adds  to 
the  difficulty  of  securing  consistent,  prompt  ger- 

mination since  the  thickness  of  the  seedcoat 
affects  the  time  required  for  scarfication  (12). 
Polyethylene  bags  with  a  peat  moss-sand 
medium  (1-1  ratio)  can  be  used  for  stratifica- 

tion. The  medium  should  be  damp  but  not  wet, 
and  its  volume  should  not  exceed  two  or  three 
times  the  seed  volume  (2). 

Germination  tests. — Table  6  lists  germination 
test  conditions  and  results  for  four  species.  The 
best  all  around  conditions  found  for  C.  acuti- 

Table  2. — Cotoneaster:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal dates 

C.  acutifolia   
C.  apiculata   
C.  horizontalis- 
C.  lucida   

Northern  Great  Plains         May-June    Sept.-Oct.      Sept.-vvinter. 
Southern  Michigan           do          Aug.-Sept      Fall-winter.- 
    _.     June    Sept.-Oct    Sept.-winter. 
North  Dakota    May-June    Sept....     do   

Data 
source 

13 

15 

13 
13 
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Table  4. — Cotoneaster:  cleaned  seeds  per  pound 

COTONEASTER 

Species Place  of  collection Range 

C.  acutifolia.... 
C.  horizontalis 
C.  lucida   

Lincoln  Co.,  Neb. 

Bismarck,  N.  Dak. 
Manitoba       

Number 

21,984-26,405 

Average 

Number 

24,194 
64,000 
23,540 
22,777 

Samples 

Number 

2 
1 
4 
1 

Data 
source 

12 
13 
7 
1 

folia,  C.  lucida,  and  C.  yn.elanocarpa  were  alter- 

nating- temperatures  of  50'  F.  for  15  hours  and 
77°  F.  for  9  hours,  with  light  supplied  during 
the  warm  portion  of  the  cycle  (12).  The  effect  of 
light  varied  from  lot  to  lot,  but  generally  the 
germination  of  C.  melanocarpa  was  increased  by 
exposure  to  cool  white  fluorescent  light  (12). 
Infiltration  with  gibberellic  acid  (GAn)  can  par- 

tially replace  the  effect  of  light  (12). 

The  excised  embryo  method  has  been  used  to 
test  seeds  of  C.  divaricata  ill).  The  seeds  were 
first  scarified  in  sulfuric  acid  for  3  hours,  then 
soaked  in  80  F.  tapwater  for  2  days.  A  77  per- 

cent germination  was  obtained. 

Nursery  practice. — In  the  northern  Great 
Plains,  scarified  seeds  of  C.  lucida  can  be  sown 
in  midsummer  or  fall  in  sheltered  seed  frames  or 
drills  (1,  .i,  6).  The  seedbeds  should  be  mulched 

with  hay  or  other  suitable  material  held  in  place 
by  snow  fence  and  kept  moist  until  freezeup. 
When  sprouting  begins  in  the  spring  half  of  the 
mulch  is  removed,  the  remainder  when  the 

plants  become  normal  green  (.?).  Properly  pre- 
treated  seeds  can  also  be  sown  in  the  spring. 
The  seeds  should  be  planted  at  a  one-eighth  inch 
depth.  Seeds  which  have  been  cleaned,  scarified, 
and  stratified  should  not  be  permitted  to  dry  out 
at  any  time  prior  to  sowing  in  the  nursery  (6). 
Filtered  shade  until  August  is  recommended  for 
seedlings  of  C.  acutifoUa,  C.  lucida,  and  C.  nie- 
lanocai-pa  (6).  For  C.  lucida  an  average  tree 
percent  of  30  is  obtained  in  a  North  Dakota 
nursery  (3).  The  seedlings  are  ready  for  out- 
planting  at  age  two.  Cotoneasters  are  repro- 

duced by  means  of  cuttings,  layering,  and  graft- 
ing as  well  as  from  seeds.  They  grow  well  in 

moist  good  soils  in  sunny  situations. 

Table  5. — Cotoneaster:  pre  germination  treatments 

Species 

Immersion  time 
in  concentrated 

H=SO, 

Cold  stratification 

at  40°  F. Medium Period 

Data 
source 

C.  acutifoUa   
C.  opiculata     
C.  horizontalis  -. 
C.  lucida      
C.  melanocarpa. 

Minutes  Days 

10-90  peat    30-90  6,12 
120  sand  and  peat           90  2 

90-180  peat    90-120  11,13 
5-20  sand  and  perlite     _  30-90  6, 7,  li. 
10-90  peat       .                       .            .  .30-90  7,12 

Table  6. — Cotoneaster: germination  test conditions and  results 

Species 

) 

Germination test  condit ons 
Germinative capacity Daily 

light 

period 

Temperature 

Dura- 

Data 

Medium 

Day 

Night 
tion Average       Samples 

C.  acutifoUa   
C.  horizontalis   

C.  lucida   
C.  melanocarpa   

Hurs 
9 

■24 

9 
9 

wet  paper 
wet  paper 
sand 

wet  paper 
wet  paper 

77 

80 86 

77 77 

50 

68 
50 

50 

Da  lis 

100 

Percent        Number 

70-80 
100 
30                    5  + 
70 

80 

12 
11 
13 
12 
12 

'  Light  intensity was  3  foot-candles. 
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Rosaceae — Rose  family 

COWANIA  MEXICAN  A  var.  STANSBURIANA 
(Torr.)  Jepsen  Gliffrose 

by  Robert  R.  Alexander,^  Kent  Jorgensen,-  and  A.  P.  Plummer  ^ 

Synonyms. — Cowunia  mexicana  D.  Don.,  Co- 
wania  stajisburiana  Torr. 

Other  common  names. — Stansbury  cliffrose, 
quinnine-bush,  bitter-aloes. 

Growth  habit,  occurrence,  and  use. — The  na- 
tive range  of  cliffrose  is  from  southern  Colo- 
rado and  throughout  most  of  Utah,   west  to 

southern  California,  and  southeast  to  northern 
New   Mexico,   Arizona,   and   Sonora   and   Chi- 

huahua in  Mexico.  It  grows  in  exposed,  rocky, 
I  well-drained    situations,    such    as    the    south- 
':  facing  slopes  of  mesas  and  canyons  {1,  6,  10). 
I  This  spreading  evergreen  shrub  to  small  tree — 
I  3  to  25  feet  tall  (7) — is  valuable  as  browse  on 
1  winter  range  for  domestic   livestock  and   big 
i  game    animals.    First    cultivated    about    1904, 
'  cliffrose  is  currently  one  of  the  species  seeded 
i  for  artificial  restoration  of  depleted  big  game 
ranges  in  Utah  (5).  Because  of  its  ornamental 

t  qualities — conspicuous,  fragrant  flowers, 
f  plumed  fruit,  and  aromatic  foliage — it  has  also 
li  been  used  occasionally  for  landscape  planting 
(10). 

Flowering  and  fruiting. — The  white  to  sulfur- 
yellow  perfect  flowers  appear  from  early  May 
to  late  June,  depending  on  location  and  the 
weather  (3,  9).  Frequently  there  is  later  flower- 

ing in  July  and  August,  particularly  when  there 
are  summer  storms  that  wet  the  soil  appre- 

ciably. Under  these  conditions,  there  may  be 
continued  blooming  along  with  some  seed  dis- 

persal until  frost.  The  fruit  is  an  achene  with 
a  persistent  feathery  style  about  1  to  2  inches 
long  (fig.  1),  borne  in  clusters  of  4  to  10  on  a 
flat  disk.  Each  achene  contains  a  single  seed 
with  membraneous  coat,  thin  endosperm,  and 
oblong  cotyledons  (fig.  2)  (10).  The  first  and 
[usually  the  best  crop  of  fruits  ripen  from  the 
middle  of  July  through  August  in  Utah  (3). 
The  fruits  maturing  from  later  flowering  may 
be  dispersing  from  late  August  through  October 
in  Utah.  These  fruits  are  of  such  poor  quality, 
however,  that  they  are  usually  not  worth  har- 

vesting. Plants  begin  to  bear  seed  as  early  as 

5  years.  Good  crops  are  borne  about  every  1  to 
2  years  (3,  9).  Seeds  are  dispersed  largely  by 
wind,  and  to  a  limited  extent  by  animals  {9). 
Clusters  of  new  plants  from  mouse  caches  are 
fairly  common   (.5). 

Hybridization. — Cowania  hybridizes  readily 
with  antelope  bitterbrush  (Purshia  tridentata 
(Pursh)  DC),  desert  bitterbrush  {Purshia 
(jlaiidtdosa  Curran),  and  to  a  limited  extent 
with  apacheplume  (Fallugia  parado.ra  (DDon.) 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 
■  Utah  Division  of  Fish  &  Game. 
Intermountain  Forest  &  Range  Exp.  Stn. 

Figure  1. — Coivania  mexicana  var.  stansburiana,  cliff- 
rose :  aehenes,  2   X . 
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mm. 
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Figure  2. — Cowania  mexicana  var.  stansburiana,  cliff- 
rose  :  longitudinal  section  through  an  achene,  10    X . 

Endl.)  (4,  8).  Desert  bitterbrush  may  be  a 
stabilized  hybrid  of  cliffrose  and  antelope  bitter- 
brush  (8). 

Collection  of  fruits. — Fruits  must  be  collected 
as  soon  as  they  are  mature  and  dry  iJ^).  Ripe 
fruits  may  be  hand  picked  or  shaken  from  the 
branches  of  the  plant  into  hoppers  or  similar 
containers  or  onto  canvas.  A  vacuum  seed 
harvester  developed  by  the  USDA  Forest  Serv- 

ice Equipment  Laboratory  at  San  Dimas,  Calif., 
may  make  seed  harvesting  more  economical 
than  collecting  by  hand.  Because  of  the  feather- 

like styles,  fruits  are  dispersed  over  wide  areas 
by  the  slightest  breeze  (5). 

Extraction  and  storage  of  seeds. — Extraction 
of  seeds  from  achenes  is  not  practical.  The  dry 
achenes  should,  however,  be  run  through  a 
hammer  mill  or  Dybvig  seed  cleaner  to  break 
off  the  styles  and  break  up  extraneous  material. 
For  final  cleaning,  the  achenes  can  be  put 
through  an  ordinary  fanning  mill  (i). 

A  bushel  of  fruit  weighs  about  5  pounds  and 
will  yield  IV2  pounds  of  cleaned  achenes  (3). 
Cleaned  seed  (achenes)  per  pound  (10  samples) 
varied  from  a  low  of  60,800  to  a  high  of  67,000 
(3).  Soundness  was  95  percent  for  the  samples 
tested.  Seeds  have  remained  viable  for  as  long 
as  7  years  when  stored  dry  in  metal  containers 
at  warehouse  or  room  temperatures   (2,  9). 

Germination  tests. — Whether  pretreatment 
is  needed  is  not  known.  One  treatment  using  a 
3-percent  solution  of  thiourea  for  1  hour 
markedly  improved  germination  over  about  a 
60-day  period  (3).  However,  seeds  from  re- 

cently collected  achenes  germinate  well  without 
pretreatment,  but  germination  takes  place  over 

a  long  period.  In  a  series  of  trials,  untreate 
seeds  (4  months  old)  from  four  locations  wer 
germinated  on  moist  paper  at  (a)  temperature 
simulating  daily  fluctuations  under  field  cor 

ditions  (32^  to  85=  F.),  and  (b)  32°  to  38°  P 
(2).  Under  these  conditions,  germinative  C£ 
pacity  after  90  days  varied  from  89  to  99  per 
cent,  with  no  significant  differences  betwee 

(a)  and  (b).  The  length  of  time  over  whic' germination  takes  place  indicates  the  possi 
bility  of  varying  embryo  dormancy,  and  th 
response  to  temperature  suggests  that  col 
stratification  may  be  helpful. 

Treatment  of  achenes  with  the  commonl 
used  rodenticide-repellent  comprised  of  a 
Endrin-Arasan  formulation  (1  percent  Endri 
and  2  percent  Arasan  in  a  suitable  adhesive 
resulted  in  no  harmful  effects  in  germinatio 
after  a  period  of  3  years  (2).  This  treatmer 
helps  immensely  in  dissuading  small  animali 
from  taking  the  planted  seeds. 

Range  revegetation  methods. — Cliffrose  hi 
been  successfully  seeded  as  an  only  shrub  c 
planted  in  mixture  with  other  browse  specie! 
as  well  as  herbs.  It  is  well  suited  for  seedin 
onto  roadcuts,  gullies,  south  slopes,  and  othe 
difficult  sites,  particularly  in  the  pinyon-junipe 
type  and  on  southerly  exposures  in  the  mountai 
brush  type  iJ^).  Seed  may  be  drilled  or  broac 
cast  in  the  fall  or  early  winter  on  sites  whei 
competing  vegetation  has  been  removed  an 
the  seedbed  thoroughly  disturbed.  Dependin 
upon  the  site  and  the  availability  of  seed,  aboi 
1/2  to  1  pound  of  cliffrose  seeds  in  8  to  10  pounc 
of  total  seed  mixture  is  suggested  when  drillinj 
For  broadcasting,  1  to  2  pounds  of  seeds  in  1 
to  20  pounds  of  total  seed  mixture  is  recon 
mended  {J^).  The  seeds  should  be  covered  wit 
about  14  to  1/2  inch  of  soil. 

Transplanting  of  seedlings  has  been  succes! 
ful  where  direct  seeding  fails  (i).  Plantin 
stock  may  be  grown — preferably  in  containei 
— in  a  greenhouse  or  in  cold  frames.  Fifty  1 
100  seedlings  can  be  grown  in  a  4-  by  4-inc 
container.  When  planting  in  early  spring  c 
prepared  seedbeds,  it  is  necessary  to  assui 
that  soil  moisture  will  be  adequate  for  develo] 
ment  of  a  good  root  system  for  a  period  of 
to  6  weeks.  Ordinarily,  16-  to  20-week-old  see( 
lings  have  proved  better  for  transplanting  tha 
vounger  seedlings  because  they  are  easier  \ 
handle.  To  assure  their  being  of  adequate  sis 
for  transplanting  in  early  spring,  they  shoul 
be  started  in  November  or  December.  Seedling 

planted  directly  from  containers  onto  the  ran? 
are  much  less  susceptible  to  drying  out  tha 
bare-root  nursery  stock  (-i).  A  conventioni 

tree  planter  can  be  used  for  planting  1-  i 
2-year-old  nursery  stock  on  the  more  lev 
ranges  (3). 
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Rosaceae — Rose  family 

CRA  T  A  EG  US  L,  Hawthorn 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence,  and  use. — Haw- 
thorns in  North  America  consist  of  perhaps 

100  to  200  species  of  small  trees  and  shrubs, 
mostly  in  the  eastern  half  of  the  United  States. 

'  North  Central  Forest  Exp.  Stn. 

Taxonomy  is  difficult  and  confusing;  some  1,100 
specific  names  have  been  published  but  most  are 
no  longer  accepted.  Hybrids  no  doubt  exist  and 
many  varieties  are  recognized.  Hawthorns  fur- 

nish food  and  cover  for  wildlife,  and  species 
that  retain  their  fruit  over  winter  are  especially 

Table  1. — Crataegus:  nomenclature,  occurrence,  and  uses;  data  compilers 
I 

Scientific  names  and 
synonyms 

Common  names Occurrence 
Uses 

Data  compilers 
for  the  species 

C.  arnoldiana  Sarg. 

C  chrysocarpa  Ashe   
C.  rotutidifolia  Moench. 
C.  coccinea  L.  var.  rotundi- 

folia  Sarg. 
C.  bick^iellii  (Eggl.)  Eggl. 

C.  crus-galli  L   
C.  algens  Beadle. 
C.  ardueyinae  Sarg. 
C.  crus-galli  v&T  capillata 

Sarg. 
C.  cherokeensis  Sarg. 

C.  douglasii  Lindl   
C.  brevispina  Dougl.  ex 

Steud. 
C.  brocktvayae  Sarg. 

Arnold  hawthorn, 
Arnold  thorn. 

fireberry  hawthorn, 
roundleaf  haw- 

thorn, roundleaf 
thorn. 

cockspur  hawthorn, 
hog-apple, 
cockspur  thorn, 
Newcastle  thorn. 

black  hawthorn, 
Douglas  hawthorn, 
western  thorn- 

apple. 

Massachusetts  to  Connecticut     H,  E   
and  Long  Island,  N.Y. 

Newfoundland  to  Saskatche-      H,  W,  S- 
wan,  south  in  western 
states  to  Colorado  and 
New  Mexico;  in  eastern 
states  south  to  Nebraska 
and  Pennsylvania. 

Southern  Quebec  and  Ontario 
west  to  Michigan,  eastern 
Kansas  and  Texas,  east 
to  South  Carolina. 

C.  mollis  Scheele        downy  hawthorn, 
C.  arkansa7ia  Sarg.  red  haw, 
C.  gravida  Beadle.  downy  thorn. 
C.  sera  Sarg. 
C.  redolens  Ashe. 

C.  phaenopyrum  (L.f.)  Med.    Washington  haw- 
Mespihis  phaenopyrum  L.f.  thorn, 
C.  populifolia  Walt.  Washington  thorn. 

C.  punctata  Jacq        dotted  hawthorn, 
C.  pausiaca  Ashe.  dotted  haw, 
C.  punctata  var.  dotted  thorn, 

canesceus  Britton.  large-fruited 
C.  punctata  var.  xanthocarpa  thorn,  white 

(Med.)  Lav.  thorn. 
C.  sanguinea  Pall.        redhaw  hawthorn 

C.  purpurea  Poir. 
C.  succiilenta  Schrad.    ..  fleshy  hawthorn, 

C.  illinoiensis  Ashe.  long-spined 
C.  gemmosa  Sarg.  thorn. 
C.  regata  Sarg. 
C.  tnicracanthe  Sarg. 
C.  virilis  Sarg. 

'  H :  habitat  or  food  for  wildlife,  W :  watershed,  S : 

F.  L.  Pogge  and 
J.  D.  Gill. 

Keith  E.  Evans. 

H,  W,  S,  E      R.  A.  McQuilkin. 

Southwestern  Ontario  and 
northern  Michigan.  Also 
from  Alaska  to  California, 
east  to  Alberta  and  the 
Dakotas,  south  to  Nevada 
and  Wyoming. 

Southern  Ontario,  west  to 
eastern  Dakotas,  south  to 
Oklahoma,  east  to 
Tennessee. 

Virginia  to  Missouri,  south  H,  W.  S,  E 
to  Arkansas  and  Florida. 
Naturalized  in  Pennsyl- 

vania and  Delaware. 
Newfoundland  and  Quebec  H,  W,  E   

west  to  southeastern 
Minnesota,  south  to  Iowa 
and  east  to  northern 
Georgia. 

Eastern  Siberia      H,  E   

H    Justin  G.  Smith. 

H,W,  S,  E      R.  A.  McQuilkin. 

Do. 

Do. 

Nova  Scotia  and  Maine,  west 
to  Manitoba  and  Montana, 
south  to  Utah, east  to 
North  Carolina. 

H,  E 

P.  0.  Rudolf. 

R.  A.  McQuilkin. 

shelterbelt,  E:  environmental  forestry. 
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valuable  (22).  Many  species  are  useful  for  en- 
vironmental plantings ;  the  fruits  sometimes 

are  used  to  make  jelly.  Because  they  tolerate  a 
wide  variety  of  sites,  the  hawthorns  have  also 
been  planted  to  stabilize  spoil  banks,  for  shelter- 
beds,  and  for  erosion  control.  Distribution  and 
uses  of  nine  species  are  shown  in  table  1. 

Flowering  and  fruiting. — The  white  or  pink 
perfect  flowers  appear  with  or  after  the  leaves 
(table  2).  The  fruit,  a  pome  containing  from 
one  to  five  nutlets  ripens  3  to  6  months  later. 
Fruit  of  many  species  remains  on  the  tree  over 
winter.  Hawthorn  fruits  usually  are  red,  al- 

though they  are  yellow  or  black  in  some  species 
(table  3  and  color  plate). 

Collection  of  fruits. — Fruits  that  persist  on 
the  trees  until  winter  (table  2)  usually  must 
be  picked  from  the  trees.  In  species  such  as  C. 
pintctata,  however,  fruits  drop  early  and  can 
be  gathered  from  the  ground.  The  number  of 
sound  seed  per  fruit  varies  greatly  among  trees, 
so  frequent  cutting  tests  are  necessary  during 
fruit  collection. 

Extraction  and  storage  of  seeds. — Unless 
prompt  extraction  is  planned,  the  fruit  should 
be  spread  out  in  thin  layers  to  avoid  excessive 
heating.  Extraction  of  nutlets  is  readily  ac- 

complished by  macerating  the  ripe  fruits  in 
water,  allowing  the  pulp  to  float  away.  Nutlets 

of  most  species  have  hard,  bony  endocarps 
(figs.  1  and  2).  Because  empty  seeds  of  such 

species  do  not  float  off"  with  the  pulp  during extraction,  the  percentage  of  sound  seeds  after 
cleaning  often  is  low.  Nutlets  of  C.  phaenopy- 
rvm  (fig.  1),  however,  have  thin  endocarps  and 
most  empty  seeds  of  this  species  float  off  with 
the  pulp.  Thorough  air  drying  of  the  nutlets 
is  necessary  before  storage,  but  optimum  stor- 

age conditions  have  not  been  determined. 
Limited  tests  indicate  that  dry  nutlets  can  be 

stored  for  2  or  3  years  if  kept  at  41'"  F.  (5,  10). 
Numbers  of  seed  (nutlets)  per  pound  and  yields 
are  shown  in  table  4. 

Pregermination  treatments. — Seeds  of  all 
Crataegus  species  have  embryo  dormancy  and 
require  treatment  in  a  moist  medium  at  low 
temperature  before  germination  will  occur 
(table  5).  Seed  of  species  such  as  C.  crus-galli 
are  enclosed  in  a  thick,  bony  endocarp  (fig.  2) 
that  inhibits  germination.  Under  natural  con- 

ditions, such  seed  do  not  germinate  until  the 
second  spring  after  seedfall  (1,  5).  Treatment 
with  acid  followed  first  by  warm  stratification 
and  then  by  cold  stratification  often  increases 
germination  percent.  The  acid  treatment  should 
not  be  used  until  seeds  have  dried  for  several 
weeks  at  room  temperature,  because  the  acid 
penetrates  fresh  seeds  and  destroys  the  embryo. 

Table  2. — Crataegus:  phenology  of  floivering  and  fruiting 

Species Flowering- dates 
Fruit  ripening 

dates 
Seed  dispersal dates Data 

source 

C .  arnoldiana       ..              May 
\C.  chrysocarpa.^.       May  to  June 
\C.  crus-galli^          do   
C.  douglasii     do    . 

C.  douglasii^     ._   
|C.  douglasW       
iC.  mollis            April  to  May 
C.  phaenopyrum       May  to  June  _. 
C.  punctata   do   

C  sanguinea'    May       
IC.  succuleyita              May  to  June 

August  to  September    Winter- 
September   
October        -    .-  -      Winter- 

July  to  September. 
August  10  to  31    -     -- 
July  15  to  30 
August  to  October 
October  to  November 
September  to  October 
August  to  September 
September  to  October 

Fall 

Fall 

Fall 

4,11 4,16 

4,16 

9,16 
21 

14 

4,  16 
4,16 

4,  16,18 
16 

4,16 

'  In  Union  Co.,  Ore.,  at  2,800  ft. 
=  In  Whitman  Co.,  Wash.,  at  2,400  ft. 
'  In  Mass. 

Table  3. — Crataegus:  height  and  fruit  ripeness  criteria 

Fruit  ripeness  criteria 

Ripe  color 
Species Height  at maturity 

Year  of  first 
cultivation Data  source 

C.  arnoldiana   
C.  chrysocarpa.... 
C.  crus-galli__   
C.  douglasii    
C.  phaenopyrum 
C.  punctata   

p.  sanguiyiea   
C.  succulenta.     .. 

Feet 

25-30 
25-30 
25-30 

25 
25 

25-30 

24 25 

1900  Bright  crimson              4,20 
1906  Red  to  orange      4, 16 
1656  Bright  to  dull  red      .    4,  76,  color  plate. 
1828  Black,  lustrous         .....8,16 
1738  Bright  red,  scarlet        .4,  iff,  color  plate. 
1746  Dull  red  or  bright  yellow  i6,  iS.  color  plate. 
1822  Bright  red  16 
1830  Bright  red  .16 
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C.  crus-galli 
cockspur  hawthorn 

C.  douglasii 
black  hawthorn 

pericarp 

LO 

Figure  2. — Crataegus  sp.:  longitudinal  section  through a  nutlet,  8  X. 

C.  mollis 

downy  hawthorn 

C.  phaenopyrum 
Washington  hawthorn 

C.  punctata 
dotted  hawthorn 

C.  succulenta 

fleshy  hawthorn 

Figure  1. — Crataegus:  cleaned  nutlets,  4  X. 

I 
Additional  trials  of  seed  treatments  are  needed 
for  many  potentially  useful  species  to  ensure 
prompt  germination  in  the  nursery.  However, 
securing  adequate  germination  of  Crataegus 
seed  often  seems  impossible.  Some  lots  of  seed 
fail  to  germinate  regardless  of  the  treatments 
used,  even  though  50  to  80  percent  of  the  seed 
appear  to  be  sound. 

Germination  tests. — Properly  pretreated  seed 
usually  germinates  in  30  to  40  days,  but  more 
time  is  required  for  some  species,  possibly  be- 

cause the  correct  seed  treatments  are  not  known 

(table  6).  In  general,  a  germination  tempera- 
ture of  70^  F.  is  satisfactory,  although  tem- 

peratures fluctuating  diurnally  also  seem  to  be 
suitable  (23).  The  excised  embryo  method  can 
also  be  used  to  determine  the  percentage  of 
viable  seed  (5,  7). 

Nursery  practice. — Seed  of  species  such  as 
C.  phaenopyrum,  which  requires  only  cold  treat- 

ment to  break  dormancy,  may  be  either  planted 
in  the  fall  or  stratified  at  low  temperature  over 
winter  and  sown  in  the  spring.  For  most  species, 
however,  better  germination  results  if  seed  is 
sown  early  enough  in  the  fall  to  provide  several 
weeks  of  warm  weather  before  frost  (5).  Al- 

ternative treatments  for  species  having  thick 

endocarps  are  acid  scarification  (table  5)  fol- 
lowed by  fall  planting,  or  cool,  moist  storage 

over  winter  and  spring  planting.  Ronald  {17) 

found  that  sowing  stratified  seed  of  C.  arnoldi- 
ayia  in  July  resulted  in  77  percent  germination 
of  sound  seed  within  one  month.  For  C.  succu- 

lenta, average  germination  was  35  to  40  percent 
of  total  seeds  sown  (5).  Seed  should  be  drilled 
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Table  4. — Crataegus :  cleaned  seeds  pe7'  pound  and  other  yield  data 

Species Place  of  collection 

Fruits 

per 

bushel 

Seeds 

per  100 

pounds of  fruit 

Seeds 

per 

bushel 
of  fruit 

Cleaned  seeds  per  pound 
Range 

Average      Samples 

Data 

source 

C.  chrysocarpa 

C.  dougiasii      _ 

Black  Hills, 
S.  Dak. 

Washington, 
Idaho, 

Oregon. 
C.  phaenopyrum 
C.  punctata      Minnesota 
C.  sanguinea     Russia   - 
C.  succulenta   

Pounds    Pounds    Pounds 

15.2 

Number Number       Number 

49  11.3 15 5.5 

10,750 

21,500-23,700       22,600 

29,800 

4,700 
20,600 

13,22,23,24, 

25,26 

23 
19,20,26 
6 
23 

Table  5. — Cratageus:  pregermination  treatments 

  Scarification 

Species                      Immersion  ^    , time  in 

  
H.SO.             ̂ ""^"^ 
Hours 

arnoldiana    4.5  5 
0 

crus-galli    2  to  3  5 
0 

douglasii             0.5  to  3  12,13 
mollis   _:    0 

phaenopyrum    0 
punctata    0 
sanguinea    2  5 

0 

succulenta    0.5  3 

'  Outdoor  winter  temperatures. 

Stratification  treatments 
Warm  period Cold  period 

Temper- ature 
Dura- tion Temper- ature 

70-80 
70-77 

70 

86 
70 

70-77 
68-77 

Days 

30-90 

21 
120 

21 

120 
21 

30 

"F. 

36-48 
36-48 

low  ' 

45 
41 
50 

41-50 
41 
41 

39-45 
40 

Dura- 
tion Days 

180 
90-180 
21-135 

135 

84-112 
180 135 

135 

21 
100-120 
110-140 

Data source 

5 

5,17 

2,  5 2,5 
12,13 
5 
5 
5 
5 

15 
3 

Table  6. — Crataegus:  germination  test  conditions  and  results 

Species Medium 
Germination  test  conditions  ' 

Germinative Data 

source Temperature                  Dura- 
capacity 

Day              Night              tion Average       Samples 

C.  arnoldiana    Soil 

.  crus-galli       do   

.  douglasii    Peat  or  sand 

.  mollis     Soil 

.  phaenopyrum     do.   
Peat  moss      . 

.  punctata    do   

.  sanguinea       do     

p.  succulenta      Soil 

op 

46 

70 

70 
70 
70 
41 

70 
70 39 

"F. 

36 70 

70 
70 

70 41 

70 70 
45 

Days 

180 

21 35-45 

135 

21 
21 

30 

Percent 

35 
73 

"30 

42-50 

71 
92 

60 
73 
50 

35-40 

Number 
1 
1 
6 
3 

2 
1 
1 
1 
2 
2 

Light  was  provided  for  at  least  8  hours  per  day.  Seed  was  pretreated  as  shown  in  table  5 

•  Sound  seed  was  45  percent  of  total  seed  sown. 

5 
5 

12,  13 
5 
5 
5 
5 
5 
15 

3 
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in  rows  8  to  12  inches  apart  and  covered  with 
about  one-fourth  inch  of  firmed  soil.  Nursery 
experience  with  this  genus  is  limited ;  additional 
trials  of  each  species  are  needed.  Most  haw- 

thorns soon  develop  a  long  taproot  and  should 
not  be  kept  in  the  seedbeds  more  than  1  year. 

Literature  and  Other  Data 
Sources  Cited 
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Taxodiaceae — Deciduous  cypress  family 

CRYPTOMERIA  JAPONIC  A  (L.  F.)  Don 

by  Gerald  A.  Walters  ̂  

Cryptomeria 

Synonyms. — C.  fortunei  Hooibrenk,  C.  mairei 
(Leveille)  Nakai,  C.  kaivaii  Hayata,  Cupressus 
japonica  Linnaeus  f.,  Cupressus  mnirei  Leveille, 
Taxodium  japonicum  Brongniart. 

Other  common  names. — Japanese  crypto- 
meria, sugi,  Japanese-cedar,  goddess-of-mercy- 

fir,  peacock-pine. 
Growth  habit,  occurrence,  and  use. — Cryp- 

tomeria is  a  monotypic  genus  native  of  Japan 
and  China  (5).  Sugi  has  been  cultivated  there 
since  about  1300  for  timber,  shelterbelts,  and 
environmental  forestry.  It  was  introduced  to 
Hawaii  for  the  same  purposes  about  1870  by 
Japanese  emigrants  (1).  An  evergreen  tree,  it 
reaches  heights  of  120  to  150  feet  {1,  2,  7).  Its 
wood  is  soft  and  fragrant;  the  red  heartwood  is 
strong  and  durable  (2).  The  wood  is  used  for 
boxes,  poles,  and  general  construction.  This 
species  is  also  used  for  Christmas  trees  (1,  2). 

Flowering  and  fruiting. — Sugi  is  a  monoecious 
species,  with  the  male  and  female  strobili  located 
on  different  parts  of  the  same  branch.  The 
female  strobili  are  formed  in  fall  and  are  ferti- 

lized when  pollen  is  shed  during  spring  (2).  In 
Hawaii,  the  globular  solitary  cones.  1/2-%  i^^ch 
(13  to  19  mm.)  in  diameter,  ripen  from  July  to 
September.  Seeds  are  shed  during  the  same 
periods  (6).  The  seeds  are  dark  brown  and  tri- 

angular shaped,  measuring  M;  to  V4  inch  (4  to 
6  mm.)  long  and  about  Vj;  inch  (3  mm.)  wide 
(2)  (figs.  1  and  2).  Trees  generally  begin  to 
produce  seed  when  15  to  20  years  old  (1). 

Collection,  extraction,  and  storage. — When 
the  cones  turn  from  greyish  brown  to  reddish 
brown,  they  are  ripe  and  should  be  picked. 
Cones  should  be  immediately  spread  to  finish 
ripening.  As  the  cones  dry,  seeds  fall  to  trays; 
agitation  aids  in  seed  extraction.  Seeds  can  be 
separated  from  chaff  by  winnowing.  The  num- 

ber of  seeds  per  pound  ranges  from  145,000  to 
350,000  (3,  8).  After  drying,  the  seeds  are  stored 

in  sealed  polyethylene  bags  at  35°  to  40°  F.  (6). 
Placing  a  drying  agent  in  the  bag  aids  storage 
(3). 

Germination. — Sugi  seed  germination  is  con- 
sidered poor  to  very  poor  (i).  In  Japan  the 

standard  of  sowing  1.1  ounces  per  11  square  feet 
is  based  upon  30  percent  germination  (3).  Sugi 

seed  should  be  soaked  in  cold  water  (32°  F.)  for 

Figure    1. — Cryptomeria    japonica,   cryptomeria:    seed, 4  X. 

■5mnn 

Pacific  .Southwest  Forest  &  Range  Exp.  Stn. 
Figure  2. — Cryptomeria  japonica,  cryptomeria:    longi- 

tudinal section  through  a  seed,  16  X. 
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about  V2  day,  then  put  moist  into  plastic  bags, 

and  stored  at  34°  F.  for  60  to  90  days  before 
sowing-  {6).  Bags  should  be  left  open  for  ade- 

quate aeration.  A  mild  fungicide  can  be  added 
{3). 

Nursery  and  field  practice. — Sugi  seeds  are 
sown  in  Hawaii  from  November  to  March.  Sow- 

ing is  by  the  broadcast  method  or  by  using  a 
planter  which  has  been  adjusted  to  the  proper 
seed  size.  The  planter  places  seeds  in  rows  which 
are  about  6  to  8  inches  apart.  Seeds  are  covered 

with  i/a  to  14  inch  of  soil  {3,  6).  The  seedbeds 
are  covered  with  about  75  percent  shade. 
Seedlings  are  kept  under  shade  for  about  2 
months  (6).  No  mulch  is  used  in  Hawaii  (6), 
but  a  single  layer  of  straw  is  used  in  Japan  (3). 
Seedling  density  in  the  beds  is  about  20  to  30 
seedlings  per  square  foot.  Seedlings  are  out- 
planted  as  1-0  stock  in  Hawaii  (6).  Sugi  can  be 
started  from  cuttings,  but  this  is  not  practiced 
in  Hawaii  (i). 
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Cupressaceae — Cypress  family 

CUPRESSUS  L.  Cypress 

by  LeRoy  C.  Johnson  ' 

Growth  habit,  occurrence,  and  use. — The  true 
cypresses  are  evergreen  trees  (rarely  shrubs) 
native  to  the  warm-temperate  areas  of  the 
Northern  Hemisphere.  The  genus  comprises 
about  20  species  distributed  throughout  the 
western  United  States,  Mexico,  northern  Central 

America,  the  Mediterranean  region,  noi'thern 
Africa,  and  from  southern  Asia  to  Japan  (1,  6, 
16,  17,  2U,  31).  The  species  native  to  North 
America  are  referred  to  as  New  World  Cy- 

presses and  those  native  to  Europe,  Africa,  and 
Asia,  as  Old  World  Cypresses  (7,  31). 

Most  New  World  cypresses  are  restricted  in 
their  occurrence  (table  1).  Cupressus  macuabi- 
ana  and  C.  sargentii  are  often  associated  with 
serpentine  soils  (9,  11).  Cupressus  arizonica 
var.  arizonica  and  C.  arizonica  var.  (jlahra  form 
large  stands  confined  mainly  to  north  slopes, 
coves,  benches,  and  canyon  bottoms  (28).  These 
two  varieties  reach  their  maximum  size  in  moist, 
sheltered  canyon  bottoms.  Of  the  10  species  and 
varieties  found  in  California,  none  grows  in 
large  pure  stands. 

Cypresses  are  commercially  propagated 
mainly  for  landscaping,  Christmas  trees,  ero- 

sion control,  windbreaks,  and  to  a  minor  extent 
for  lumber.  A  factor  limiting  the  widespread 
planting  of  cypresses  in  some  parts  of  the 
United  States  is  the  cypress  canker  (Coriineum 
cardinale  Wagen.),  which  attacks  most  species 
of  cypress  (31).  In  California,  this  disease  has 
eliminated  some  plantations  of  Monterey  cy- 

press. Only  resistant  species  or  .strains  of 
cypress  should  be  planted  where  the  cypress 
canker  disease  exists. 

Sometimes  cypresses  are  cut  for  fenceposts, 
fuelwood,  lumlDer,  and  railroad  ties.  In  the 
United  States,  C.  arizonica  is  becoming  popular 
as  a  Christmas  tree  (8,  10,  15,  22). 

In  Africa  and  New  Zealand,  C.  hisitanica  and 
C.  macrocarpa  are  planted  for  lumber  and  pulp 
production  (2,  3,  20,  21).  To  date,  neither  of 
these  introduced  species  account  for  much  of  the 
total  timber  output  in  the  two  countries. 

Ciipressus  sempervirens  var.  sempervirens  is 
the  most  widely  planted  of  all  the  cypresses.  It 

has  been  cultivated  since  ancient  times  for  its 
columnar  form  {1,  4).  Its  columnar  form  and 

dark  gi'een  foliage  made  it  a  popular  tree  for 
planting  in  formal  gardens,  along  roads,  and  in 
cemeteries.  This  variety  is  propagated  by  seeds 
or  cuttings.  Seeds  collected  from  pure  stands  or 
isolated  columnar  form  varieties  will  breed  true 

(-5).  The  unusually  narrow  crown  I'esults  from 
the  ascending  branches  which  almost  parallel 
the  main  trunk  (table  2). 

Cupressus  macrocarpa  is  also  extensively 
used  in  landscaping  in  spite  of  its  high  suscepti- 

bility to  cypress  canker  disease.  The  rapid 
growth,  lush  green  foliage,  and  dense  crown 
make  it  ideally  suited  for  planting  around  build- 

ings, in  windbreaks,  and  along  roadsides. 

Flowering  and  fruiting. — Cypresses  are  mon- 
oecious. Staminate  and  ovulate  strobili  are  pro- 

duced on  the  ends  of  short  twigs  or  branchlets. 
The  staminate  strobili  are  0.12  inch  (3  mm.)  to 
0.28  inch  (7  mm.)  long,  cylindrical  or  oblong, 
and  light  green  or  rarely  red.  They  become 
yellow  as  pollen-shedding  time  nears.  Ovulate 
strobili  at  time  of  pollination  are  less  than  0.25 
inch  (6  mm.)  long,  subglobose  to  cylindrical, 
erect,  greenish,  and  have  6  to  12  (rarely  14) 
distichously  arranged  scales. 

Pacific  Southwest  Forest  &  Range  Exp.  .Stn. 
Figure  1. — Cupressus  goveniana  var.  goveniana,  Gowen 

cypress:  cones,  1   X. 
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Table  l.—Cup ressus:  nomenclatu' re,  occurrence,  and  uses; data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses '            ̂ ^^^  compilers 
for  the  species 

C.  arizonica  var. Arizona  cypress   Small,  scattered  areas  in T,  H,W,E____    R.  S.  Embry, 
arizonica  (Green)  Little mountains  of  Arizona, S.  L  Krugman. 

C.  arizonica  Green New  Mexico,  southern 
C.  arizonica  var. Texas,  and  northern 

bonita  Lemm. Mexico. 
C.  arizonica  var. Arizona  smooth Mountain  areas  of  central T,  H,W,  E     .    L.C.Johnson. 

glabra  (Sudw.)  Little 
cypress. 

Arizona. 
C.  glabra  Sudw. 

C.  arizonica  var. San  Pedro  Martir Mexico,  Baja  California H,  E             Do. 
montana  (Wiggins)  Little 

cypress. 
on  Sierra  San  Pedro 

C.  vioyitana  Wiggins Matrix. 
C.  arizonica  var. Piute  cypress   California,  Kern  Co., H,  W,  E            Do. 

nevadanensis  (Abrams) Piute  Mountains. 
Little 

C.  nevadanensis  Abrams 
C.  macnabiana  nevadanensis 

(Abrams)  Abrams 
C.  arizonica  var. 

stephensonii  (Wolf)  Little 
C.  stephensonii  C.  B.  Wolf 

C.  hakeri  Jeps     
C.  macnabiana  var.  bakeri 

(Jeps)  Jeps. 
C.  bakeri  subsp. 

tnattheivsii  C.  B.  Wolf 
C,  goveniana  var. 

goveniana  Gord. 
C.  goveniana  Gord. 

C.  goveniana  var. 
abramsiana  (C.  B.  Wolf) 
Little 

C.  abramsiana  C.  B.  Wolf 
C.  goveniana  Gord. 

C.  goveniana  var. 
pygmaea  Lemm. 

C.  goveniana  Gord. 
C.  pygmaea  (Lemm.)  Sarg. 

C  guadalupensis  var. 
forbesii  (Jeps.)  Little 

C.  forbesii  Jeps. 
C.  guadalupensis  var. 

guadalupensis  (S.  Wats.) 
Little 

C.  lusitanica  Miller   
C.  lindleyi  Klotzsch. 
C.  benthamii  Endl. 

C.  macnabiana  A.  Murr     

Cuyamaca  cypress     California,  San  Diego  Co., 
Cuyamaca  Mt. 

Modoc  cypress,  California  and  Oregon  in 
Baker  cypress,  Siskiyou  Mountains  and 
Siskiyou  cypress.  northeast  California. 

Gowen  cypress    California,  in  Monterey 
County. 

Santa  Cruz  cypress  ___  California,  Santa  Cruz 
and  San  Mateo  Co. 

H,W,  E 

H,  E....... 

H,  E. 

H,  E. 

Mendocino  cypress, 

pygmy  cypress. 

Tecate  cypress, 
Forbes  cypress. 

California,  Mendocino  Co    H,  E. 

Southern  California  and 
Baja  California,  Mexico. 

Guadalupe  cypress        Mexico,  Guadalupe  Island 

H,  W,  E 

H,  E  .-... 

C  macrocarpa  Hartw. 

C.  sargentii  Jeps..__   _ 
C.  goveniana  Gord. 
C.  sargentii  var. 

duttonii  Jeps. 

Mexican  cypress, 
cedar-of-Gog, 

Portuguese-cedar. 
MacNab  cypress   

Monterey  cypress 

Sargent  cypress  ... 

,  senipervirens  var. 
horizontalis  (Miller) 
Gordon 

.  senipervirens  var. 
senipervirens  L. 

C.  senipervirens  L. 
C.  senipervirens  var. 

stricta  Alton 
C.  fastigata  De  Candolle 
C.  sempervirens  var. 

pyramidalis  (Targioni- 
Tozzeti)  Nyman 

spreading  Italian 

cypress. 
Italian  cypress, 

Mediterranean 

cypress. 

Central  Mexico  south  to 
Guatemala  and  Costa 
Rica. 

Northern  California, 
scattered  stands  in  Sierra 
Nevada  foothills  and  in 
the  interior  Coast  Range. 

California,  Monterey  Co., 
Point  Cypress  and  Point 
Lobos. 

California,  found  only  in 
the  Coast  Range  in 
scattered  stands  from 
Mendocino  Co.  south  to 
Santa  Barbara  Co. 

Mediterranean  area   

T,  H,W,  S,  E 

H,  E. 

T,  H,  S,  E. 

H,E. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

H,  S,  E    R.  S.  Embry. 

Mediterranean  area   .-.  H,  S,  E 

Do. 

T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry
. 
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Pollen  is  shed  in  late  fall,  winter,  and  spring. 
Planted  trees  of  C.  arizonica  var.  arizonica,  C. 
arizonica  var.  glabra  and  C.  guaclalupensis  var. 
forbesii  growing  in  the  Eddy  Arboretum, 
Placerville,  California,  shed  their  pollen  in 
October  and  November  (13).  Native  trees  of  C. 
sargentil  (Bonnie  Doon,  California)  pollinate  in 
December,  and  C.  macrocarpa  (Pt.  Cypress, 
California)  pollinate  in  March  {13). 

Seeds  mature  15  to  18  months  after  pollina- 
tion. Thus,  the  ovulate  cones  and  their  seeds 

ripen  the  second  season  after  pollination.  Ma- 
ture cones  (fig.  1)  are  up  to  1.2  inches  (30  mm.) 

in  diameter,  woody  or  leathery,  and  the  peltate 
scales  usually  have  a  central  mucro.  Each  cone 
produces  12  to  150  seeds  (table  3). 

Precocious  cone  production  characterizes  the 
genus  CiipressKs.  Male  cones  have  developed  on 
1-  and  2-year-old  seedlings  of  C.  goveniana  var. 
Pligmaca  and  C.  goveniana  var.  goveniana  re- 

spectively (18).  Femiale  cone  production  often 
begins  on  trees  younger  than  10  years  old  (13, 
19),  but  collectable  quantities  are  usually  not 
produced  at  such  an  early  age. 

Most  cypresses  have  serotinous  cones.  C^l- 
pressus  arizonica  var.  montana  and  C.  lusitanica 
open  and  shed  their  seeds  when  the  cones  ripen 
(31).  Cones  on  some  trees  within  a  stand  will 
open  and  shed  their  seeds  in  July  (22).  There  is 
some  evidence  that  viability  decreases  in  older 
cones  (8).  It  is  advisable  to  collect  only  cones 
4  years  old  and  younger.  Insect-damaged  cones 

Table  2. — Cupressus:  groivth  habit,  height,  cone  and  seed  ripeness  criteria 

Height Yef ir  of 
Color  ripeness  criteria Data 

Species Crrowtli  baViit at first VH  vWHI    1 1<XU  1  V 

maturity cultivation 
Cones Seed 

source 

Feet 
C.  arizonica 

var.  arizonica. _^   Straight  central 50-70 
1882 Dull  gray  to  brown, Medium  to  dark 38,31 

leader. sometime  purple. brown  or  deep 

purplish  brown. var.  glabra    ._ Straight  trunk  with 
or  without  turned 

up  side  branches. 

25-50 ca. 1909 Glaucous  bloom 
over  rich  dark 
brown. 

Medium  tan  to 
brown  or  red 
brown. 

28,  31 

var.  montana Numerous  spread- 
ing branches. 

15-70 Rich  to  dull  brown 

or  gray  brown. 
Light  tan    . 

6,31 
var.  nevadanensis Erect  tree  with  pyr- 

amidal crown. 
20-50 1930 Glaucous  or  silver 

gray. 

Rich  light  tan 

6,31 var.  stephensonii Erect  tree  with 
straight  central 
leader. 

30-50 1900 Dull  gray  or  brown Very  dark  brown 
6,31 

C.  bakeri     Single  stem,  narrow 
crown. 

30-50 
1917 Grayish  to  dull 

brown. Light  tan 
6,31 C.  goveniana 

var.  goveniana Shrublike  to  small 
tree  with  single 
stem. 

20-60 1846 Brown  to  gray 
brown. 

Dull  dark  brown 
to  nearly  black. 

6,31 

var.  pygmaea   Shrublike  to  me- 
dium-sized tree. 

30-150 -- Weathered  gray Jet  black  to 
brownish. 

6,  31 

C.  guadalupensis 
var.  forbesii      _       _ Erect,  irregularly 

branched  tree. 
15-30 

1927 Dull  brown  or  gray Rich  dark  brown 
6,31 

var.  guadalupensis Broad  crown,  trunk 
forking. 

40-65 ca 1879 Dark  brown  and 

glaucous. 
6,31 

C.  lusitanica   Erect  straight  trunk 
with  drooping 
branches. 

100 ca 1670 Dull  brown       .. Rich  light  tan 6,31 

C.  macnabiana   Broad  crown  lack- 
ing main  trunk. 

20-40 
1854 Brownish  or  gray Medium  brown  to 

glaucous  brown. 
6.31 

C.  macrocarpa    . Single  trunk  and 
symmetrical  on 
sheltered  areas. 

60-90 1838 Brown Dark  brown 
6.31 

C.  sargentii. Single  stem,  slender 
or  bushy  tree. 

30-75 1908 Dull  brown  or  gray Dark  brown, 

often  glaucous. 
25,  31 

C.  sempervirens 
var.  horizantalis Single  stem  with 

spreading  crown. 
150 

B.C. Shinv  brown  or 24. 

grayish. var.  sempervirens Columnar  with 
branches  parallel 
to  main  trunk. 

150 
B.C. 

Shiny  brown  or 

grayish. 

2U 
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should  not  be  collected  because  they  do  not 
readily  open,  and  many  of  the  seeds  are  de- 

stroyed by  the  insects  (31). 
Most  native  and  planted  cypresses  produce 

lots  of  female  cones.  One  variety,  C.  guadalupen- 

sis  var.  guadalupensis,  rarely  produces  female 
cones  under  cultivation  {31),  but  the  close  rel- 

ative, C.  guadahcpensis  var.  jforbesii  from  Baja 
California,  does  (13).  Occasional  trees  appear 
sterile,  but  this  phenomenon  is  usually  corre- 

r^'- 
'-)% 

C.  arizonica   var.   arizonica 
Arizona  cypress 

C.  goveniana  var.  pigmaea 
Mendocino  cypress 

C.  bakeri 
JVlodoc  cypress 

1^      tf 

C.  guadalupensis  var.  forbesii 
Tecate  cypress 

C.  goveniana  var.  goveniana 
Gowen  cypress 

C.  lusitanica 
Mexican  cypress 

C.  macnabiana 
MacNab  cypreos 

4p  ̂  C.  macrocarpa 
Monterey  cypress 

Figure  2. — Cupressus:  seeds,  4   X- 

C.  sargentii 
Sargent  cypress 
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lated  with  extremely  heavy  male  cone  produc- 
tion (13). 

Cypress  seeds  vary  widely  in  shape  and  size 
(figs.  2  and  3).  Length  with  wings  attached 
ranges  from  0.07  to  0.32  inch ;  width  dimensions 
are  slightly  less.  Seeds  are  flattened  or  lense 
shaped,  and  the  wings  are  tegumentary  exten- 

sions of  the  seedcoat.  Seed  length  within  a  cone 
of  C.  sargentii  ranged  from  0.09  inch  (2  mm.) 
to  0.20  inch  (5  mm.)  (13).  X-ray  examination  of 
bulk  collections  of  several  species  showed  that 
the  smallest  seeds  were  hollow  (13).  This  phe- 

nomenon is  most  likely  caused  by  lack  of  pollina- 
tion or  abortion  after  pollination  (H). 

Seed  color  is  an  imiportant  criterion  for  de- 
termining ripeness  and  an  aid  in  differentiating 

species  (table  2).  Some  species  and  geographic 
sources  within  a  species  can  be  distinguished  by 
seed  color.  Cupressus  goveniana  var.  pygmaea 
from  the  central  coast  of  Mendocino  Co.,  Cali- 

fornia, has  shiny  jet-black  seedcoats;  the 
Anchor  Bay  strain  from  southern  Mendocino 
Co.  has  brownish-black  seedcoats.  Seeds  of  the 
two  varieties  of  C.  guadalupensis  have  the  same 
color,  but  seeds  of  var.  guadalupensis  have  a 
glaucous  bloom  while  those  of  var.  forbesii  are 
shiny  (31). 

Collection  of  cones. — A  tree  can  be  damaged 
if  one  or  several  cones  are  pulled  by  hand.  The 
preferred  method  is  to  cut  individual  or  clusters 
of  cones  from  a  branch  with  hand-pruning 
shears. 

A  rule-of-thumb  by  Wolf  and  Wagner  (31,  p. 
329)    may   be   useful   when   collecting   cypress 

r  2nnm 

O 

F'IGURE  3. — Cupressus  arizonica  var.  arizonica,  Arizona 
cypress:   longitudinal  section  through  a  seed,  32    X. 

cones:  ".  .  .when  collecting  seeds  in.  the  fall,  care 
must  be  taken  to  select  cones  tvhich  are  fidly 
mature,  that  is,  either  cones  which  inatured  the 
previous  season,  or  if  of  the  current  season, 
those  in  which  the  seeds  have  thoroughly  dark- 

ened. Tivo-ijear-old  cones  collected  from  January 
to  March  are  certain  to  contain  fully  mature 

seeds." 

The  time  of  year  for  collecting  cypress  cones 
(except  C.  arizGnica  var.  montana  and  C.  hisi- 

Table  3. — Cupressus:   seeds  per  pound,  scales  per  cone,  and  seeds  per  cone 

^^.                      Seeds  per  pound  '    g^^j^^  3^^^^                 ̂ ^^^ 

  ^J   Range   Average  Samples  P"'' "°"^  P"^  "°"^  "°"""'^ 

Number                   Number  Number  Number  Number 
C.  arizonica 

var.  arizonica         176,220-46,900                83,000  77+  6-8  90-120  8,31 
var.  glabra           95,600-29,600                55,050  22+  5-10  90-100  8 
var.  montana                                                       198,400  8-12  60-70  31 
VAT.  nevadensis                    91,400-39,400                57,500  11+  6-8  93  8,31 
var.  sfephensonii           56,000-  43,200                49,600  2  6-8  100-125  31 

C.  bakeri                             176,000-144,000              163,600  4  6-8  50-85  31 
C.  goveniana 

var.  goveniana                    142,400-115,200              128,800  2  3-5  90-110  31 
var.  pijgmaea                      112,000-105,600              108,800  2  8-10  130  31 

C.  guadalupensis 
var.  forbesii                  51,200-38,400                44,800  2  6-10  31 
var.  guadalupensis                                                       25.000  1  8-10  >100  31 

C.lusitanica     .                                                                 119,000  1  6-10  75  31 
C.  macrocarpa  ^                     162,000-  45,480                76,100  20  8-12  140  23, 29, 31 
C.  macnabiana                          91,200-  67.200                79,200  2  6-8  75-105  31 
C.  sargentii                       67,200-44,800                56,000  2  6-10  100  31 
C.  sempervirens 

var.  sempervirens                67,950-  54,020                62,690  9  8-14  64-280  23,  21, 

'  Figures  are  for  samples  that  have  foreign  matter  (twigs,   leaves,   cone    scales,   etc.)    removed    but   no   attempt 
was  made  to  separate  sound  from  hollow  and  other  nonviable  seeds. 
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tanica,  which  open  and  shed  their  seeds  when 
the  cones  are  mature)  is  not  critical  if  this  rule- 
of -thumb  is  followed.  Cone  color  and  seed  color 
aid  in  determining  when  the  seeds  are  ripe 
(table  2). 

Extraction  and  storage  of  seed. — A  tight  clus- 
ter of  cones  should  be  cut  apart  so  the  scales  can 

freely  separate.  Cypress  cones  dried  at  room 
temperature  (72°  F.)  require  1  to  2  months  for 
the  scales  to  separate  and  the  seed  to  fall  out 
(22).  The  process  of  cone  opening  can  be 
speeded  up  by  boiling  the  cones  for  30  to  60 
seconds  or  cutting  each  cone  in  half.  Either 
method  hastens  the  process  of  cone  opening  by 
several  weeks. 

Sun-drying  is  another  good  method,  provided 
the  weather  is  hot  and  dry.  Ripe  cones  of  C. 
goveniana  var.  goveniana  and  C.  macrocarpa 
collected  in  July  were  stored  in  a  refrigerator  at 
34°  F.  for  2  days,  then  placed  in  trays.  The 
cones  opened  and  shed  their  seeds  within  2 
weeks  when  sun-dried  in  day  temperatures  of 
90°  to  95°  F.  with  relative  humidity  ranging 
from  20  to  39  percent  (13).  Case-hardening  is 
a  potential  hazard  when  sun-drying.  This  prob- 

lem is  minimized  or  eliminated  by  storing  the 
cones  in  a  refrigerator  for  several  days.  The 
refrigerator  acts  as  a  desiccator. 

Seeds  readily  fall  from  completely  mature 
cones  with  little  or  no  tumbling.  Insect-attacked 
and  immature  cones  keep  their  seeds  tightly 
attached  to  the  cone  scales,  but  such  seeds 
usually  have  low  viability  and  are  best  discarded 
with  the  cones.  Dewinging  is  not  necessary  as 
the  seeds  have  minute  or  no  wings. 

The  percent  of  filled  (sound)  seeds  varies 
widely  between  species  and  between  individuals 
within  a  species  (table  4).  Ctipressus  arizonica 
var.  arizonica  ranged  from  10  percent  to  29  per- 

cent filled  seed,  and  C.  arizonica  var.  glabra 
ranged  from  1  to  49  percent  filled  seed  (8).  With 

such  low  percentages  of  filled  seed,  it  is  impor- 
tant not  to  attempt  seed  cleaning  because  some 

of  the  sound  seed  will  be  discarded  with  the  culls. 
Germination  tests  on  stored  seed  of  7  species 

of  cypress  demonstrated  that  viability  was 
maintained  for  10  to  20  years  at  storage  tem- 

peratures of  34°  to  41°  F.  (13,  26,  29). 
Pregermination  treatments. — The  Interna- 

tional Seed  Testing  Association  (12)  recom- 
mends stratification  of  cypress  seeds  for  21 

days  at  37°  to  41°  F.  At  the  Institute  of  Forest 
Genetics  at  Placerville,  California,  seeds  are 
stratified  for  30  days  at  34°  F.  Seeds  are  often 
heavily  contaminated  with  mold  and  bacteria, 
but  control  of  the  mold  is  feasible  during 
stratification  and  germination.  Treatment  of 
the  stratification  medium  with  a  solution  of  4 
tablespoons  Captan  (N-[(trichloromethyl) 
thio]-4-cyclohexene-l,  2-dicarboximide)  per 
gallon  of  water  retards  fungal  development 
without  damaging  the  seed.  The  medium  and 
seeds  are  then  stored  in  plastic  bags,  jars,  or 
petri  dishes  for  the  duration  of  the  stratification 
period.  Seeds  stratified  in  a  petri  dish  can  be 
germinated  in  the  same  dish. 

Germination. — Stratified  cypress  seeds  will 
readily  germinate  at  a  relatively  constant  tem- 

perature of  70°  to  72°  F.  (13),  but  a  controlled- 
environment  germinator  with  diurnally  alter- 

nating temperatures  of  86°  F.  (day)  and  68°  F. 
(night)  also  has  been  recommended  (12,  27,  30). 
The  seeds  can  be  watered  throughout  the  test 
with  a  mild  solution  of  fungicide  (the  same 
formulation  used  above)  with  no  ill  effect  on 
the  seeds. 

Germination  capacities  (table  4)  have  been 
low  primarily  because  of  the  low  percentages  of 
sound  seed  that  are  common  among  seed  lots  of 

cypress. Nursery  practice. — Fall  sowing  of  cypress 
seeds  has  been  recommended  (30,  31),  but  sow- 

Table  4. — Cupressus :  germ.ination  test  results  on  stratified  seed 

rp     ,              Germinative  capacity  Soundness ' 
Species  duration   Average            Samples  Average            Samples 

Days             Percent            Number  Percent            Number 
C.  arizonica 

var.  arizonica               20                     26                       9  30                       4 
var.  nevadanensis         ._.           6                       6                       1  38                       1 

C.  bakeri                   30                     12                       2  36                       2 
C.  goveniana 

var.  goveniana           30                     22                       2  93                       2 
var.  pygmaea      _._         30  31  2 

C.  guadalupensis  var.  forbesii           30                     12                       2  54                       1 
C.  tnacnabiana                      ....                        30                        1                        1  5                        1 

15  2 
C.  macrocarpa               30                     24                       4  82                       4 

30  14  37 
C.sargentii                 30                     13                       2  41                       2 
C.  sempervirens  var.  sempervirens               ...                     .                        .  .  27                       9 

'  Soundness  was  determined  by  x-ray  examination  before  stratification  (13). 
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ing  stratified  seed  in  the  spring  is  preferred. 
Germination  of  cjT)ress  is  epigeal.  Sprinkle  the 
seeds  in  the  nursery  bed  and  cover  with  a  thin 
(0.15  to  0.20  inch)  layer  of  soil.  A  density  of  30 
to  60  seedling  per  square  foot  is  recommended. 
Mulch  with  decomposed  granite  or  sponge  rok. 
The  mulch  will  reduce  soil  evaporation,  thus 
preventing  the  seedbeds  from  drying  out. 

Newly  germinated  cypress  seedlings  are  par- 
ticularly susceptible  to  the  damping-off  fungi. 

When  possible,  nursery  soil  should  be  fumi- 
gated. As  an  added  precaution,  the  nursery  beds 

can  be  sprayed  with  a  fungicide  such  as  Captan 
immediately  after  sowing. 

Cypresses  can  be  outplanted  as  1-  or  2-year- 
old  seedlings.  A  well-defined  tap  and  numerous 
lateral  roots  are  foi-med  in  the  first  year.  One- 
year-old  seedlings  of  most  species  have  only 
juvenile  foliage. 
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Leguminosae — Legume  family 

CYTISUS  SCOPARIUS  (L.)  Lk.  Scotch  broom 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge  ̂  

Growth  habit,  occurrence,  and  use. — Scotch 
broom  is  an  evergreen,  bushy  shrub,  generally 
about  3-7  feet  tall  but  occasionally  as  tall  as 
10-12  feet.  The  plant  is  native  to  Europe  but 
has  escaped  from  cultivation  in  the  East  (Nova 
Scotia  and  New  York  to  Georgia  and  Virginia) 
and  along  the  West  Coast  (British  Columbia  to 
California).  It  favors  dry,  sandy  soils  in  full 
sunlight,  and  has  been  used  successfully  in 
strip-mine  reclamation  in  Ohio,  where  it  was 
considered  one  of  the  most  successful  and  val- 

uable plants  for  wildlife.  It  grew  well  on  both 
acid  and  alkaline  soils,  pH  4.5-7.5,  and  pro- 

duced clumps  5  feet  in  diameter  after  4  years. 
Values  for  wildlife  were  enhanced  since  the 
plants  remained  green  during  winter  in  south- 

eastern Ohio  (5).  The  species  has  had  medicinal 
uses  {1)  but  is  most  widely  planted  as  a  border 
shrub  or  for  covering  slopes  and  water  areas, 
particularly  on  dry  sandy  or  gravelly  soils  {9). 
Scotch  broom  is  poisonous  to  livestock  but  is 
seldom  browsed  (12).  Earliest  cultivation  was 
in  1830  (7). 

Flowering  and  fruiting. — The  flowers  and 
plants  are  bisexual.  Flowering  occurs  in  May- 
June;  fruits  ripen  in  August  and  disperse  in 
September.  The  fruit  is  a  narrow,  oblong  pod 
11/4-2  inches  long  {2)  and  is  brownish-black  to 
black  when  ripe  {1,  9).  The  brownish-black 
seeds  are  about  Va  inch  (3mm.)  long  (fig.  1). 
In  Ohio,  seed  production  occurred  when  plants 
were  4  years  old  {8). 

Collection,  extraction,  and  storage. — After  the 
fruit  ripens,  from  late  July  to  September,  the 
pods  may  be  picked  from  the  shrubs  or  gathered 
from  the  ground  underneath.  Pods  should  be 
dried  on  trays  or  canvas,  either  naturally  or  by 
forced  warm  air.  After  drying,  the  pods  should 
be  threshed  and  the  seeds  screened  (5).  Cleaned 
seed  yields  per  hundred  pounds  of  fruit  were 
16-22  pounds  in  4  samples  and  cleaned  seed 
counts  averaged  57,500  per  pound  in  9  samples 
{6,  10,  12).  Sound  seed  percentages  averaged 

80  (61-96)  in  5  samples  {10).  Cleaned  seed 
should  be  stored  dry,  preferably  in  sealed  con- 

tainers at  about  41  F.  It  stores  well;  viability 
after  storage  for  81  years  has  been  reported 

ill). 
Germination. — Seeds  of  Cytisus  have  hard 

seedcoats  that  require  treatment  before  prompt 
germination  can  be  obtained.  Soaking  the  seeds 
in  hot  water  or  in  sulfuric  acid  has  been  recom- 

mended (3,  6,  10).  International  Rules  for  Seed 
Testing  (4)  specify  mechanical  scarification  by 
piercing,  chipping,  or  filling  the  seedcoat  at  the 
cotyledon  end  followed  by  a  3-hour  soak  in 
water.  For  germination,  diurnally  alternating 

temperatures  of  68°  F.  (night)  and  86°  F. 
(day)  for  28  days  have  been  recommended  (i). 
Germinative  capacity  of  each  of  two  seed  lots 
was  45  percent  {6,  10). 

Nursery  practice. — Seeds  should  be  sown  in 
the  spring,  after  either  scarification  or  hot 
water  treatment  (12).  The  numbers  of  usable 
plants  per  pound  of  seed  varied  widely;  16,000 
and  3,850  in  2  lots  sown  the  first  spring  after 
ripening,  and  only  360  in  seeds  sown  during 
the  second  spring  (10).  Scotch  broom  is  also 
propagated  from  cuttings   (12). 
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Figure  1. — Cytisus  scoparius,  Scotch  broom:  longitudi- 
nal section  through  a  seed  (left)  and  exterior  view 

(right),  both  at  10   X. 
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Papaveraceae — Poppy  family 

DENDROMECON  RIGID  A  Benth. 

by  Donald  L.  Neal  ̂  

Stiff  bushpoppy 

Stiff  bushpoppy  (also  called  bush-poppy  and 
tree-poppy)  is  an  openly  branched,  evergreen 
shrub  2  to  8  feet  high,  sometimes  to  20  feet.  It 
has  a  woody  base  with  gray  or  white  shreddy- 
barked  stems.  It  grows  on  dry  chaparral  slopes, 
ridges,  and  washes  below  6,000  feet  in  the  Coast 
Range,  from  Sonoma  County  to  Baja  California 
(Mexico),  and  in  west  foothills  of  the  Sierra 
Nevada,  from  Shasta  County  to  Tulare  County 
{2). 
The  species  is  useful  for  watershed  protec- 

tion {3)  and  for  forage.  Goats  are  especially 
fond  of  bushpoppy.  Deer  and  sheep  eat  the 
sprouts  after  fire. 

Flowers  are  bisexual,  yellow,  showy,  and 
solitary  on  stalks.  Flowers  appear  in  April 
through  June  and  sometimes  into  August  {2). 
Fruits  are  linear,  grooved  capsules,  2  to  4  inches 
(5  to  10  cm.)  long  with  two  valves  separating 
incompletely  at  maturity.  Ripe  fruits  may  be 
collected  in  May,  June,  and  July  {If). 

Seeds  are  black  and  have  minute  embryos 
(fig.  1).  In  two  samples  of  cleaned  seed,  purity 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

4 mm. 

was  77  percent  and  soundness  was  97  percent. 
There  were  42,000  to  52,000  seeds  per  pound 

(^). 
Seeds  have  been  sown  in  a  moist  medium  at 

temperatures  alternating  diurnally  from  40°  F. 
(night)  to  70"  F.  (day).  Germination  started 
after  50  days  at  these  temperatures  and  reached 
21  percent  102  days  after  sowing  {1,  If). 
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Ebenaceae — Ebony  family 

DIOSPYROS  VIRGINIANA  L.  Common  persimmon 

by  David  F.  Olson,  Jr.'  and  R.  L.  Barnes  ' 

Growth  habit,  occurrence,  and  use. — The  com- 
mon persimmon  (also  called  eastern  persim- 
mon) is  a  small  to  medium-sized  deciduous  tree, 

normally  attaining  a  height  of  30  to  60  feet  at 
maturity  {10).  It  occurs  in  open  woods  and  as 
an  invader  of  old  fields  from  Connecticut,  west 
through  southern  Ohio  to  eastern  Kansas,  and 
south  to  Florida  and  Texas  (10).  Common  per- 

simmon develops  best  in  the  rich  bottom  lands 
of  the  Mississippi  River  and  its  tributaries  and 
in  coastal  river  valleys.  In  these  optimum 
habitats,  the  species  often  attains  a  height  of 
70  to  80  feet  and  a  diameter  of  20  to  24  inches 
{8). 

In  past  years,  persimmon  wood  was  used 

extensively  for  weaver's  shuttles,  golf  club 
heads,  and  other  products  requiring  hard, 
smooth-wearing  wood  {15).  At  present,  such 
uses  have  diminished  because  of  laminates  and 
other  substitute  materials. 

The  fruit,  exceedingly  astringent  when  green, 
but  delicious  when  thoroughly  ripe  (5),  is 
eaten  by  man,  animals,  and  birds.  This  species, 
:;a  valuable  honey  plant,  has  been  cultivated  for 
its  handsome  foliage  and  fruit  since  1629. 
Several  varieties  have  been  developed  for  fruit 
;^roduction  (5). 
I  Flowering  and  fruiting. — The  sm.all,  dioecious, 
axillary  flowers  are  borne  after  the  leaves  from 
March  to  mid-June,  depending  on  the  latitude 
{15,  8,  7,  9).  Flowers  are  most  common  in  April 
knd  May.  Pollination  is  by  insects. 

The  fruit  is  green  before  ripening  and  may 
j/ary  in  color  when  ripe  from  green,  yellow, 
orange,  and  yellowish  brown  to  dark  reddish 
j)urple  and  black  {15,  10)  (fig.  1).  It  is  a  plum- 
|ike  berry  ̂ \  to  2  inches  in  size,  glaucous,  with 
k  conspicuous,   persistent  calyx,   and  contains 

I  to  8  seeds   {15,  10).  The  fruits  ripen  from 
September  to  November ;  the  flat,  brown  seeds, 
ibout  y.i  inch  long,  are  dispersed  from  ripening 
o  late  winter  {15,  8,  7,  9)   (figs.  1  and  2).  The 
eed  is  disseminated  by  birds  and  animals  that 
eed  on  the  fruits,  and  to  some  extent,  by  over- 
low  water  in  low  bottom  lands  (5). 

Southeastern  Forest  Exp.  Stn. 

Seed  bearing  may  begin  at  age  10,  but  the 
optimum  seed-bearing  age  is  25  to  50  years 
{15,  8,  7).  Good  seed  crops  are  borne  about 
every  2  years,  with  light  crops  in  intervening 
years  (15). 

Figure  1. — Diospyros  virgiyiiana,  common  persimmon: 
mature  fruit  and  a  single  seed,  both  at  2   X. 
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17mm Nursery  practice. — Persimmon  seed  may  be 
fall-sown  or  stratified  and  sown  in  the  spring. 
In  Missouri,  fall  sowing  at  a  depth  of  2  inches 
is  the  normal  practice,  and  seedbeds  are 
mulched.  A  reported  tree  percent  is  50  percent 
(12).  An  average  tree  percent  of  25  to  33  per- 

cent is  easily  attainable.  Seedlings  of  this  spe- 
cies have  a  strong  taproot  (fig.  3)  and  should 

be  field  planted  at  the  end  of  the  first  season. 

Figure  2. — Diospyros  virginiana,  common  persimmon: 
longitudinal  section  through  a  seed,  2  x . 

Collection  of  fruits,  extraction,  and  storage  of 
seeds. — The  fruit  may  be  collected  by  picking 
or  shaking  from  the  trees  as  soon  as  they  are 
ripe  and  soft  in  texture.  They  may  also  be 
picked  from  the  ground  after  natural  fall.  The 
seeds  are  easily  removed  by  running  the  berries 
with  water  through  a  macerator  and  allowing 
the  pulp  to  float  away,  or  by  rubbing  and  wash- 

ing the  pulp  through  14-inch  mesh  hardware 
cloth  (15). 

After  being  cleaned,  the  seed  should  be  spread 
out  to  dry  for  a  day  or  two.  Prolonged  storage 
requires  thorough  drying;  the  seed  can  then 
be  safely  stored  in  sealed,  dry  containers  at 
41°  F.  a,  13). 

One  hundred  pounds  of  fruit  will  yield  10 
to  30  pounds  of  cleaned  seed  (15) ;  the  number 
per  pound  ranges  from  665  to  1,764,  with  an 
average  of  1,200  seeds  per  pound  (1,  U,  15,  6, 
11). 

Seed  of  96-percent  purity  and  90-percent 
soundness  has  been  obtained  (15).  Seeds  can  be 
purchased  from  some  tree  seed  dealers. 

Pregermination  treatments. — Natural  germi- 
nation usually  occurs  in  April  or  May,  but  2- 

to  3-year  delays  have  been  observed  (2,  15). 
The  main  cause  of  the  delay  is  the  seed  covering, 
which  caps  the  radical,  restricts  the  embryo, 
and  causes  a  decrease  in  water  absorption  (2). 
After  removal  of  this  cap,  100-percent  germi- 

nation was  secured  with  mature  seeds  collected 
in  the  autumn  (2). 

Seed  dormancy  also  can  be  broken  by  strat- 
ification in  sand  or  peat  for  60  to  90  days  at  37° 

to  50°  F.  (1,  3,  15,  13).  Sulfuric  acid  scarifi- 
cation for  2  hours  proved  to  be  less  effective 

in  breaking  dormancy  than  stratification  (1). 
Germination  tests. — Germination  of  stratified 

seed  was  tested  in  sand  or  peat  flats  at  diurnally 

alternating  temperatures  of  86°  and  68°  F. 
Germinative  energies  ranging  from  54  to  94 
percent  were  obtained  in  20  to  34  days ;  and 
germinative  capacities  at  60  days  varied  from 
62  to  100  percent  (15,  U). 

Figure  3. — Diospyros  virginiana,  common  persimmon: 
seedling  development  at  4,  6,  and  8  days  after  germi- nation. 
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Elaeagnaceae — Oleaster  family 

ELAE  AGNUS  L.  Elaeagnus 

by  David  F.  Olson,  Jr.^ 

Growth  habit,  occurrence,  and  use. — Elaeag- 
m(s  includes  about  40  species  of  shrubs  or  trees, 
but  there  are  only  three  species  which  are 
valuable  for  planting  and  for  which  reliable 
information  is  available  (table  1).  Although 
these  deciduous  trees  and  shrubs  are  grown 
often  as  ornamentals,  they  also  produce  edible 
fruits  and  serve  as  a  source  of  wildlife  food 
and  as  honey  plants.  Elaeagnus  angnstifolia, 
the  Russian-olive,  is  grown  widely  and  has 
escaped  from  cultivation  in  many  river  lowland 
areas,  particularly  in  the  Great  Plains,  where 
it  is  extensively  planted  for  shelterbelts   {33). 

Flowering  and  fruiting. — The  fragrant,  small, 
perfect  flowers  are  borne  in  late  spring  (table 
2)  and  are  pollinated  by  insects  {25).  The  fruit 
is  a  dry  and  indehiscent  achene  enveloped  by  a 
persistent  fleshy  perianth,  and  hence  drupa- 

ceous {19)  (figs.  1,  2,  and  3).  Color  of  ripe  fruit 

'  Southeastern  Forest  Exp.  Stn. 

varies  with  the  species  (table  3).  Seeds  are 
often  distributed  by  birds  following  consump- 

tion of  the  ripe  fruits  {32). 
Collection  of  fruits;  extraction  and  storage  of 

seeds. — Ripe  fruits  may  be  picked  from  the 
plants  by  hand  or  beaten  or  stripped  from  the 
branches  onto  canvas  or  plastic  sheets.  Collec- 

tion usually  is  done  from  September  to  De- 
cember {33).  Fruits  may  be  spread  out  to  dry 

or  run  through  a  macerator  with  water  and  the 
pulp  floated  oflf  or  screened  out  (15,  33).  Ac- 

cordingly, commercial  seed  may  consist  of 
either  dried  fruits  or  cleaned  stones.  Dried 
fruits  or  cleaned  stones  at  a  moisture  content 
from  6  to  14  percent  can  be  stored  successfully 

in  sealed  containers  at  34"  to  50'  F.  {12,  22,  26, 
33).  Under  ordinary  storage  conditions,  seeds 
of  E.  commutata  remain  viable  for  1  to  2  years 
and  those  of  E.  a)igustifolia  up  to  3  years  {33). 
The    number    of   cleaned    seeds    (stones)    per 

Table  1. — Elaeagnus:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

E.  angnstifolia  L. 
E.  horfensis  Bieb. 

E.  commutata  Bernh. 
E.  argentea  Pursh, 

not  Moench. 
E.  umbellata  Thunb. 

E.  crispa  Thunb. 

Russian-olive, 
oleaster,  narrow- leafed  oleaster. 

silverberry, 
wolfberry. 

autumn  elaeagnus, 
autumn-olive. 

Southern  Europe,  West  and  Central 
Asia;  Pacific  Northwest  to  Minne- 

sota, south  through  Great  Plains 
to  Mexico  (28). 

Quebec  to  Yukon,  south  to  New 
Mexico,  east  to  Nebraska  (9). 

China,  Korea,  Japan;  Maine  to  New 
Jersey  and  Pennsylvania,  west  to 
southwestern  Minnesota,  occa- 

sionally south  to  South  Carolina 
(8,21,30). 

H,  S,  E    P.  E.  Slabaugh. 

H,  W,  E    D.  R.  Dietz. 
E.  C.  Garrett. 

H,  E    R.  L.  Barnes. 

'H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 

Table  2. — Elaeagnus:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal dates 

Data 

source 

E.  angnstifolia 
E.  commutata 
E.  umhrellata 

Black  Hills,  S.  D. 
June 
June-July. 

May-June 

Aug.-Oct.     All  winter    3 
Aug.-Sept      Sept.-Nov.         7 
Aug.-Oct         Sept.-Nov.       .        21,27,28 
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rlOmm 

Figure  1. — Elaeagnus  angusti folia,  Russian-olive:  fruit, 
2  X. 

E.  angustifolia 

Russian-olive 

E.  commutata 
silverberry 

Figure  2. — Elaeagnus :  achenes  with  fleshy  perianth  re- 
moved  f "cleaned  seeds"),  2  X. 

pound,  an  other  important  yield  data  are  pre- 
sented in  table  4.  Fresh  fruits  of  E.  angustifolia 

lost  about  16  to  20  percent  of  their  initial  weight 
when  air  dried.  The  number  of  dried  fruits  per 
pound   ranged   from    1,800   to  4,500,   with   an 

0 

Figure  3. — Elaeagnus  angustifolia,  Russian-olive:  longi- 
tudinal section  through  an  achene  enclosed  in  its 

fleshy  parianth,  5  X . 

average  of  2,900  (33).  Purity  of  commercial 
seed  for  all  three  species  has  been  high,  ranging 
from  95  to  100  percent  {22,  33,  3i). 

Pregermination  treatments. — Several  pre- 
germination  treatments  have  been  tested  to 
overcome  embryo  dormancy  in  Elaeagnus  seed. 
The  most  effective  treatment  is  cold  stratifica- 

tion at  34°  to  50°  F.  for  10  to  90  days  {i,  11, 
13,  20,  23,  33).  Stratification  for  less  than  60 

days  is  less  eff'ective  than  longer  periods  {U). 
E.  angfistifolia  stones  sometimes  exhibit  hard- 
seededness,  and  then  should  be  soaked  for  1/2 
to  1  hour  in  sulfuric  acid  before  germinating 

iU.) 

Table  3. — Elaeagmis:  height;  seed-hearing  age,  seed  crop  frequency,  and  fruit  ripeness  criteria 

Height       Year  of 
Species  at  ma-  first 

turity     cultivation 

Seed-bearing 
age 

Data 
source 

Interval  between 
large  seed  crops Fruit  ripeness  criteria 

Mini- mum 
Time Data 

source 

Preripe 

color 

Ripe 

color 
Data 
source 

E.  angustifolia 

E.  commutata 
E.  umbrellata 

Feet 

15-30 

6-15 
3-12 

Long  cul- tivated. 

1813   
1830   

Years 
3-5 

Years 

1 

1-2 

Whitish  to  sil- 
very. 

Silvery  green 
Silvery,  with 

brown  scales. 

Silver-gray 

outer;  lemon - 
yellow  inside. 

Silver 
Red-pink    

Table  4. — Elaeagnus:  cleaned  seeds  per  pound  and  other  yield  data 

Species 
Seed  yield  per  100 
pounds  of  fruit 

Cleaned  seeds  per  pound Data  source 

Weight Data  source 
Range Average 

Samples 

E.  angustifolia. 
E.  commutata 
E.  umbellata 

Pounds 

15-60 

5-lb i,  23,  24,  33 

Number 

3,470-  6,990 
2,700-  4,600 

20,000-54,000 

N  timber 

5,160 
3,800 

27,600 

Number 
15  2,17,23,33 
5  16,21,33 
7  i,  22,  24,29,34 
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Table  5. — Elaeagnus:  germination  test  conditions  and  results  for  stratified  seed 

  Germination  test  conditions 
Species  Temperature 

  Medium  p^y  ^-^^^ 
op  op 

E.  angustifolia      Sand    86  68 
Sand   
Moss   

E.  covimutata  -     Sand.    86  68 
E.umbellata    86  50 

'  Seed  stratified  for  10  to  90  days  at  34°  to  50°  F. 

Dura- tion 

Germinative 

energy 

Germinative 
capacity 

Amount       Period       Average         Samples 

Data 

source 
Days 

60 
21-40 

28 
50 

Percent 7-76 
27 

52 

Days 

10-32 10 

13 

Percent 7-79 

54-90 
30 
60 
93 

Number 

32 

11 

1 
1 

33 
20,23 
2 

33 

13 

Germination  tests. — Some  germination  test 
results  on  stratified  seed  are  listed  in  table  5. 
Tests  on  excised  embryos  of  E.  angustifolia 
have  been  completed  in  a  very  short  time  {10). 
Germination  is  epigeal. 

Nursery  practice. — Seed  may  be  sown  1/2  to  1 
inch  deep  in  the  late  summer  or  fall  without 
stratification,  or  in  the  spring  after  10  to  90 
days  of  cold  stratification  {1,  6, 17, 18,  21,22,  23, 

33,  3Jf).  July  seeding  after  90  day's  stratifica- 
tion gave  excellent  germination  of  E.  angusti- 
folia in  southeast  Saskatchewan  (5).  In  Mich- 
igan, E.  umhellata  is  seeded  by  broadcasting 

one  pound  of  fresh  fruit  per  25  sq.  ft.  of  bed 
area  (4).  In  areas  with  a  large  population  of 
mice  it  is  suggested  the  pulp  be  removed  and 
cleaned  seed  used  for  sowing  (^).  From  10 
pounds  of  fruit  approximately  one  pound  of 
cleaned  seed  can  be  extracted.  Soil  splash, 
which  coats  the  pubescent  leaves  of  newly 
emerged  seedlings,  is  an  important  cause  of 
mortality,  and  consequently,  nursery  beds 
should  be  mulched  to  cover  the  soil  and  prevent 
rain  spattering  (i,  6,  17,  22,  23,  33,  3i).  A 
seedling  density  of  12  to  30  per  square  foot  is 
desirable  (1,  23,  54).  Stock  usually  is  field 
planted  as  1-0  or  2-0  seedlings,  and  grows  well 
in  most  soils,  including  limestone  or  alkaline 
soils  (31). 
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Ericaceae — Heath  family 

EPIGAEA  REPENS  L.  Trailing-arbutus 
by  Barton  M.  Blum  '  and  Arnold  Krochmal  - 

Other  common  names. — mayflower,  ground- 
laurel,  gravel  weed,  mountain  pink,  winter  pink, 
crocus,  gravel  plant. 

Growth  habit,  distribution,  and  use. — Trailing 
arbutus  is  an  evergreen,  prostrate,  creeping 
shrub  that  grows  in  patches  up  to  2  feet  in  di- 

ameter (1).  It  is  found  growing  in  woodlands 
on  acid,  sandy  soils  from  Florida  to  Mississippi, 
north  to  New  England,  southeast  to  New  York, 
Pennsylvania,  West  Virginia,  and  Ohio  (5).  The 
variety  glabrifoUa  Fern,  ranges  north  from  the 
higher  parts  of  the  Appalachian  Mountains  to 
Newfoundland,  Nova  Scotia,  Labrador  and  west 
to  Saskatchewan  (5).  The  species  is  noted  for  its 
fragrant  blossoms.  It  has  been  used  occasion- 

ally as  an  ornamental  since  1736,  although  it  is 
difficult  to  grow  (2,  7).  The  fruits  of  mayflower 
are  sometimes  eaten  by  small  game.  An  infusion 
of  the  above-ground  parts  was  used  by  the 
Cherokee  Indians  to  treat  diarrhea  in  children 
(.6). 
Flowering  and  fruiting. — The  flowers  are 

spicy  smelling,  pink  to  white  in  color,  and  bloom 
from  March  to  May,  although  specimens  have 
been  known  to  bloom  as  early  as  January  at  low 
elevations  in  the  southern  part  of  its  range  {9). 
Flowering  usually  begins  when  plants  are  3 
years  old  {8).  The  flowers  are  usually  unisexual, 
with  male  and  female  flowers  on  different  plants, 
but  occasional  flowers  may  be  perfect  {1,  2,  5). 
Double  flowered  forms  and  fall  blooming  forms 
have  been  reported  (5).  The  fruit  is  a  5-lobed, 
hairy,  dehiscent  capsule  about  14  inch  in  di- 

ameter (1,  5,  S).  The  seeds  are  imbedded  in  a 
fleshy  pulp  within  the  capsule  (2,  8).  A  sample 
of  155  wild  fruits  contained  an  average  of  241 
(range:  29  to  415)  tiny,  shiny,  brown,  hai'd 
seeds  per  capsule  (2)  (fig.  1).  The  capsule  splits 
when  ripe  and  ejects  most  of  the  seeds  with 
some  force;  but  separation  during  the  preripe 
stage  of  seeds  is  difficult  (2).  In  June  and  July 
the  capsules  become  ripe,  split  open,  and  eject 

most  of  their  seeds,  but  a  few  seeds  remain  in 
the  capsules  during  the  fall  season  (2, 10). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Capsules  may  be  collected  after  they  are 
mature  and  before  they  eject  their  seeds.  Small 
collections  of  capsules  can  be  air-dried  in  an 
open  container  until  they  eject  their  seeds.  The 
empty  capsules  can  be  separated  by  screening. 
One  sample  of  cleaned  seed  contained  10,300,000 
seeds  per  pound  (10).  Storage  of  seed  for  more 
than  one  year  is  not  recommended  but  short 
term  storage  at  room  temperature  or  in  a  re- 

frigerator is  satisfactory  (2). 

Germination. — Germination  is  epigeal  and  oc- 
curs readily  without  pretreatment  (10).  One 

lot  of  seed  was  germinated  in  double  pots,  using 
a  soil  mixture  of  equal  parts  sand,  peat  moss, 
leaf  mold,  and  acid  soil.  Seeds  were  sprinkled 
on  the  germination  medium  and  left  uncovered. 
The  pots  were  covered  with  glass  to  maintain  a 
high  humidity.  The  second  lot  of  seed  was  ger- 

minated on  moist  filter  paper  placed  over  peat 
moss  with  the  latter  method,  the  range  in  per- 

cent germination  was  from  87.3  percent  to  0.3 
percent.  The  average  for  all  samples  in  the  test 
was  40  percent.  Germination  took  place  over  a 
period  of  22-66  days  with  the  bulk  germinating 
in  30  days  (2).  Ample  moisture,  high  humidity, 
an   acid   medium,    and   temperatures   approxi- 

1 

jrnm. 

Northeastern  Forest  Exp.  Stn. 
Southeastern  Forest  Exp.  Stn. 

0 

Figure  1. — Epigaea  repens,  trailing  arbutus:  exterior 
view  of  seed  (left)  and  iongritudinal  section  (right), both  at  60  X . 
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mating  room  temperature  appear  essential  for 
germination. 

Nursery  and  field  practice. — The  extremely 
small  seeds  may  be  germinated  conveniently  in 
pots   or  trays   as   described   in   the   preceding 
])aragraph.   When   the   seedlings  have  3   to   5 
leaves  above  the  cotyledons,  they  may  be  trans- 

planted to  individual  pots.  High  humidity  should 

I  be  maintained  until  the  plants  are  well  estab- 
j  lished  (2).  This  can  be  done  by  covering  the  top 
1  of  the  pot  with  a  glass  plate  or  a  plastic  bag.  In 
i  one  year,  the  plants  develop  into  rosettes  about 
4  inches  in  diameter  {10). 
When  transplanted  to  permanent  locations, 

each  plant  should  be  set  in  a  pocket  of  at  least 
1  cubic  foot  of  prepared  soil  consisting  of  four 
parts  oak-leaf  mold,  two  parts  crumbled  peat 
moss,  and  two  parts  sand  (7).  Thrifty  plants  of 
Epigaea  will  tolerate  a  fairly  wide  range  of 
acidity.  Wild  plants  in  Connecticut  grew  on  soils 
ranging  in  pH  from  7.67  to  4.65  {2).  However, 
the  better  plants  occurred  on  the  more  acid 
.soils  (2,3,7,8). 

Mayflower  thrives  best  in  association  with 
mycorrhizal  fungi.  Including  soil  in  soil  mix- 

tures that  was  collected  near  healthy  wild  plants 
will  introduce  the  necessary  fungus  [2,  3,  4-). 
Mayflower  may  also  be  propagated  from  cut- 
j  tings,  and  the  mycorrhizal  fungus  appears  es- 
'sential  for  this  also  (2). 
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Polygonaceae — Buckwheat  family 

ERIOGONUM  FASCICULATUM  Benth. 

by  Raymond  D.  Ratliff  ̂  

California  buckwheat 

Synonyms. — E.  fasciculatum  var.  maritinum 
Parish,  E.  fasciculatum  var.  oleifolium  Grand, 
E.  aspalathoides  Grand,  E.  fasciculatum  ssp. 
aspalathoides  S.  Stokes,  E.  rosmarinifolium 
Nutt. 

Other  common  names. — flattop  eriogonum, 
flattop  buckwheatbrush. 

California  buckwheat  occurs  naturally  on  dry 
slopes  and  in  canyons  near  the  coast  from  Santa 
Barbara,  California,  to  northern  Baja  Cali- 

fornia, Mexico  (5).  Two  subspecies  (ssp.  poli- 
folium  Benth.  and  ssp.  flavoviride  M.  &  J.) 
extend  the  distribution  of  California  buckwheat 
to  the  interior  of  southern  California  and  on 
into  Utah.  A  third  subspecies,  ssp.  foUolosum 
Nutt.,  similar  to  the  species,  occurs  near  the 
coast. 

California  buckwheat  is  best  known  as  a  bee- 
plant.  It  ranks  third  in  value  among  native 
California  bee-plants,  and  is  thus  of  considerable 
value  to  the  honey  industry  (3).  The  species  has 
other  values.  It  has  been  planted  on  steep  road 
cuts  for  erosion  control  (2),  and  the  dry  flower 
heads  are  used  by  deer  during  fall  and  winter 
(6).  A  possible  problem  in  growing  this  species 
is  dodder  (Cuscuta  sp.).  Everett  {2)  reported 

Pacific  Southwest  Forest  and  Range  Exp.  Stn. 

that  one  outplanting  was  attacked  by  dodder 
each  year.  Cuscuta  hrachy-calyx  is  the  species 
of  the  parasitic  genus  most  specific  for  Erio- 
gonum,  (5). 

Flowering  occurs  from  May  to  October  (5). 
The  small,  perfect  flowers  are  borne  in  small, 
headlike  clusters  along  or  near  the  end  of  the 
branches  (6). 

Fruits  ripen  from  June  through  August.  The 
fruits  may  be  obtained  by  stripping  the  clusters 
as  soon  as  they  have  dried.  The  fruit  is  a  3- 
angled  achene,  brown  and  shining,  and  enclosed 
by  a  persistent  calyx  (figs.  1  and  2).  The 
achenes  are  handled  as  seeds.  Chaff  is  removed 
from  the  achenes  (seeds)  by  running  them 
through  a  macerator  and  fanning  mill  (6).  The 
calyx  may  be  removed  by  rubbing  the  achenes 
(seeds)  between  screens. 
A  high  of  493,000  and  a  low  of  239,000 

achenes  (seeds)  per  pound  have  been  reported 
for  2  samples  (4,  6).  Although  no  pretreatment 
is  necessary  {1),  germination  percentages  are 

r2.5  mm. 

lq 

Figure  1. — Eriogonum  fasciculatum,  California  buck- 
wheat: achene  in  calyx  (left)  and  achene  with  calyx 

removed  (right),  12  X. 

Figure  2. — Eriogonum  fasciculatum,  California  buck- 
wheat: longitudinal  section  through  a  seed  that  was 

excised  from  an  achene,  30  X . 
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low.  Germination  percentages  of  20  and  40  per- 
cent have  been  reported  for  2  samples  in  which 

soundness  was  low  (6).  A  high  of  46  percent 
germination  also  was  reported  (-4). 

Germination  is  epigeal  (fig.  3),  and  in  two 
tests  germination  started  about  1  week  after 
sowing  (2).  Germination  reached  a  maximum 
in  3  to  17  days  after  the  first  germination  was 
observed. 
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Figure   3. — Eriogonum   fasciciilatum,   California  buck- 
wheat: A,  very  young  seedling;  B,  older  seedling. 
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Myrtaceae — Myrtle  family 

EUCALYPTUS  L'Herit  Eucalyptus 
by  Stanley  L.  Krugman  ' 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Eucalyptus  comprises  more  than  523  species 

and  138  varieties,  and  new  species  and  varieties 
are  still  being  described  {3,  15,  22).  Some  are 
tall  trees,  while  others  are  shrubs  (7).  Euca- 
lypts  are  mainly  native  to  Australia,  but  a  few 
species  are  also  native  to  the  Philippines,  New 
Guinea,  and  Timor  {10).  Eucalypts  are  widely 
cultivated  in  many  parts  of  the  world,  including 
southern  Europe,  the  Middle  East,  Africa,  India, 
Pakistan,  and  South  America — especially  in 
Brazil,  Uruguay,  Chile,  and  Argentina  {22). 
This  genus  was  first  introduced  into  California 
and  the  Hawaiian  Islands  about  1853  {19,  22). 
Eucalypts  have  been  planted  to  a  limited  extent 
also  in  Arizona,  Florida,  Mississippi,  and  Texas 
{21).  About  200  species  have  been  introduced 
into  the  United  States ;  most  of  them  are  grown 
in  California  and  Hawaii  as  ornamentals  be- 

cause of  their  decorative  flowers  and  pleasing 
shapes.  Eucalyptus  glohukis  has  been  the  most 
extensively  planted  eucalypt  in  the  United 
States,  mainly  in  California,  for  the  last  one 
hundred  years  {21).  It  was  initially  grown  for 
timber  production  but  now  is  rarely  used  for 
this  purpose.  However,  it  is  still  widely  used 
for  fuel,  shelterbelts,  windbreaks,  and  has  prom- 

ise as  a  low-cost  source  of  hardwood  fiber  {17). 
In  Hawaii,  several  species,  including  E.  grandis, 
E.  robusta,  E.  siclero.xylon,  E.  saligna,  and  E. 
globulus,  have  been  planted  as  windbreaks,  for 
watershed  protection,  and  for  timber  produc- 

tion {19).  There  are  numerous  other  species 
which  have  future  promise  for  fiber  production, 
windbreaks,  and  for  environmental  forestry 
purposes  (table  1). 

Geographic  races  and  hybrids. — Many  euca- 
lypts have  an  extensive  natural  distribution, 

and  members  of  the  same  species  often  grow 
under  very  different  environmental  conditions 
(^,  10,  22).  Although  detailed  scientific  informa- 

tion as  to  the  development  of  geographic  races 
is  lacking  for  most  species,  it  can  be  assumed 

'  Timber  Management  Research,  USDA  Forest  Serv- ice. 

that  races  exist.  Geographic  origin  must  be  con- 
sidered in  selecting  a  suitable  seed  source  from 

species  whose  natural  ranges  are  extensive,  as 
with  the  widely  grown  E.  cavialdulensis  {16, 
23).  As  a  general  rule  seed  source  selection 
should  at  least  be  based  on  a  knowledge  of  the 
absolute  minimal  and  maximal  temperatures 
under  which  the  species  grows  in  its  native 
range  {27).  Differential  low  temperature  toler- 

ance has  been  demonstrated  for  different 
sources  of  E.  fastigata  and  E.  citriodora  (4). 
Precipitation  appears  to  be  of  less  importance, 
but  must  also  be  considered  in  selecting  the 
proper  seed  source. 

Under  natural  conditions,  hybridization  be- 
tween species  of  the  same  subgeneric  group  will 

take  place  and  is  relatively  common  in  some 
cases,  e.g.,  E.  fastigata  X  radiata,  E.  robusta 
^^  grandis  {4,  22).  A  number  of  hybrids  have 
been  described,  but  their  value  for  planting  in 
the  United  States  has  not  been  demonstrated. 

When  grown  under  plantation  conditions  out- 
side their  natural  habitat,  species  hybridization 

will  occur  more  often,  and  seed  collections  from 
small  plantations  of  closely  related  species 
should  be  discouraged  if  hybrid  seeds  are  not desired  (4). 

Flowering  and  fruiting. — The  flower  clusters 
develop  enclosed  within  an  envelope  formed  by 
two  bracteoles — small  leafy  structures.  These 
bracteoles  split  and  are  shed  during  develop- 

ment, revealing  the  flower  buds  {22).  The  per- 
fect flowers  are  white,  yellow,  or  red,  often  in 

axillary  umbels,  corymbose,  or  paniculate  clus- 
ters {3).  In  a  few  cases,  the  flowers  develop 

singly  as  with  E.  globulus,  but  most  often  they 
are  in  5-  to  10-flowered  axillary-umbels  as  in 
E.  camalduleusis  or  E.  vimi}ialis  {3).  Sepals  and 
petals  are  united  to  form  a  cap  in  the  bud,  which 
drops  off  at  anthesis.  Stigma  is  receptive  within 
a  few  days  after  the  cap  drops  {2).  Pollination 
is  mainly  by  insects.  The  ovary  has  3  to  6  locules 
with  many  ovules.  There  is  a  wide  range  in 
flowering  times  for  the  eucalypts  {17).  In  Cali- 

fornia some  species  such  as  E.  viminalis  may 
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Table  1. — Eucalyptus:  nomenclature,  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common names 
Occurrence 

Natural 

Range 

extension 

Uses' 

E,  cainaldulensis  Dehn. 
E.  rostrata  Schlecht. 

E.  citriodora  Hook   

i    E.  dalrytiipleana  Maiden 

E.  delegatensis  R.  T.  Bak. 
E.  gigavtea  Hook. 

E.  fastigaUi  Deane  and 
Maiden. 

E.  glaucesceus  Maiden  and 
Blakely. 

E.  gunii  Hook. 

E.  globulus  Labill     

river  redguni  eucalyptus, 
red-gum, 

long-beak  eucalyptus. 

lemon-gum  eucalyptus, 
lemon  eucalyptus, 
lemon-gum. 

mountain-gum  eucalyptus, 
white-gum, 
Dalrymple  eucalyptus. 

alpine-ash  eucalyptus, 
delagate  eucalyptus. 

brown-barrel  eucalyptus, 
cuttail  eucalyptus. 

tingiringy-gum   

E.  graiidis  Hill  ex 
Maiden. 

bluegum  eucalyptus, 
bluegum, 
Tasmanian  bluegum, 
Tasmanian  blue 
eucalyptus. 

rosegum  eucalyptus, 
tooler  eucalyptus. 

E.  luicrocorys  F.  Muell.     tallowwood  eucalyptus 

E.  tiitens  Maiden..       shining  eucalyptus, 
silver-top, 

shining-gum. 

E.  ofe/jqiifi  L'Herit.                 messmate  stringybark 
eucalyptus. 

E.  paniciilatn  Sm    gray  ironbark 
eucalyptus, 
ironbark. 

E.  pilularis  Sm          blackbutt  eucalyptus 

E.  regnaus  F.  Muell      mountain-ash  eucalyptus, 
swamp-gum, 
giant  eucalyptus. 

E.  robusta  Sm      robusta  eucalyptus, 
E.  yyiultiflora  Poir.  swamp-mahogany 

eucalyptus, 
beakpod  eucalyptus. 

E.  rudis  Endl      desert  eucalyptus, 
|i  moitch  eucalyptus, 
:'  desert-gum. 

E.  salignn  Sm         saligna  eucalyptus, 
Sidney  bluegum 
eucalyptus, 
flooded-gum. 

red-ironbark  eucalyptus. E.  sideroxylon 
A.  Cunn.  ex  Woolls. mulga  ironbark 

eucalyptus, 
red-ironbark. 

E.  viminalis  Labill.             manna  eucalyptus, 
ribbon  eucalyptus, 
white-gum, 
ribbongum. 

Australia   ..  California, Hawaii, 

Arizona. 

T, 

w 

,E 

Central  and 
California, E 

northern Hawaii. 

Queensland, Australia. 

Southeastern 
Australia. 

California, 

Hawaii. 
E 

Southeastern 
Australia. 

California-- E 

Southeastern 
Australia. 

California-    . E 

Southeastern 
Australia. 

California   E 

Southeastern 
Australia. 

California, 
Hawaii, 
Arizona. 

s. 

E, 

T,  W 

Eastern 
Australia. 

California, Florida, 

Hawaii. 

s, 

E 

Eastern 
Australia. 

California E 

Southeastern 
Australia. 

California, 
Hawaii. 

E 

Southeastern 
Australia. 

California E 

Eastern 

Australia. 

California, 
Hawaii. 

s. E, 

T 

Eastern 
Australia. 

California, 
Hawaii. 

s, 

E T 

Southeastern 
Australia. 

California 

s. 

E 

Eastern 
Australia. 

California, Florida, 
Hawaii, 

West  Indies. 

s, 

E 

Western 
Australia. 

California, 
Florida. 

s. 

E 

Eastern 
Australia. 

California, 
Hawaii. 

s, 

E, 

T 

Southeastern 
Australia. 

California, 
Hawaii. 

s. 

E, 

T 

Southeastern 
Australia. 

California, 
Hawaii. 

s, 

E, 

T 

T:    timber  production,   W:    watershed.    S:    shelterbelt,  E:  environmental  forestry. 
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E.  camaldulensis 

river  redgum  eucalyptus 
E.  delagatensis 

alpine-ash  eucalyptus 

E.  fastigata 
brown-barrel  eucalyptus 

^'ii> n 

m 

r;.n.. 

E.  grandis 
rosegum  eucalyptus 

E.  microcorys 

tallowwood  eucalyptus 

E.  obliqua  E.  pan icu lata 

messmate  stringybark  eucalyptus      gray  ironbark  eucalyptus 

E.  regnans 

mountain-ash  eucalyptus 

E.  robusta 

robusta  eucalyptus 

/ ','^if-- >?«r  ■ 

E.  saligna 

saligna  eucalyptus 

E.  nitens 
shining  eucalyptus 

"^g^ 

E.  sideroxylon 

red-ironbark  eucalyptus 

Figure  1. — Eucalyptus:  seeds,  20   X. 

E.  pilularis 
blackbutt  eucalyptus 

^ 

■><«-!*■<«««>  jHO^ 

E.  rudis 

desert  eucalyptus 

E.   viminalis 
manna  eucalyptus 
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flower  all  year ;  other  species,  such  as  E.  camal- 
dulensis  or  E.  paniculata,  flower  in  the  spring ; 
E.  glaiicescens  or  E.  dalrympleana  in  the  sum- 

mer; E.  gran  (lis  in  the  fall;  and  E.  microcorys 
in  winter  (table  2). 

The  fruit  is  a  hemispherical,  conical,  oblong, 
or  ovoid  hard  woody  capsule  1-4  to  1  inch  (6  to 
25  mm.)  in  diameter,  that  is  loculicidally  de- 

hiscent at  the  apex  by  3  to  6  valves  (3).  The 
seeds  are  numerous  and  extremely  small  in  most 
species  (table  3,  fig.  1 ).  The  size  of  fertile  seeds 
within  a  given  seed  collection  vary  widely.  Usu- 

ally only  a  few  seeds  are  fertile  in  a  single 
capsule,  and  capsule  size  may  influence  seed  size 
{3).  When  more  than  one  seed  ripens  in  a  locule, 

the  seeds  are  variously  shaped  and  angular 
(fig.  1).  When  solitary,  the  seed  will  be  ovate  or 
orbicular-com.pres.sed  {3).  The  seedcoat  is  most 
often  thin  and  smooth,  but  it  can  be  ribbed, 
pitted,  or  sculptured  in  various  ways  {3,  22). 
Usually  the  seedcoat  is  black  or  dark  brown  in 
color  as  in  E.  viminalis  or  pale  brown  as  with 
E.  delegatensis  (table  3).  The  embryo  consists 
of  bipartite  or  2-lobed  cotyledons  which  are 
folded  or  twisted  over  the  straight  radicle  {3, 
25).  There  is  no  endosperm  {3,  25)  (fig.  2). 
Fruits  ripen  at  various  times  during  the  year, 
depending  on  the  species  (table  2).  Dispersal 
is  largely  by  wind  within  a  month  or  two  after 
ripening  for  most  species,  e.g.,  E.  globulus  or 

Table  2. — Eucalyptus:  height  at  maturity  and  phenology  of  flowering  and  fruiting  of  trees  grown 
in  California  (17) 

Species 
Height 

at 
maturity 

Flowering  dates 
Fruit  ripening 

dates Seed  dispersal  dates 

Feet 

E.  camaldulensis   .  60-120 

E.  citriodora    80-130 
E.  dalrympleana    60-120 
E.  delegatensis    100-275 
E.  fastigata    60-200 
E.  glaiicescens      12-40 
E.  globulus    150-180 
E.  grandis..      140-180 
E.  microcorys    100-150 
E.  nit  ens                    .  100-300 
E.  obliqua    50-250 
E.  paniculata    80-140 
E.  pilularis    120-200 
E.  regnans      175-350 
E.  robusta        80-90 
E.  rudis    30-50 
E.  saligna    50-150 
E.  sideroxylon    40-100 
E.  viminalis        50-150 

February-April     July-October    Commences  8  to  9  months 
after  flowering. 

November-January      May-August      _ 
June-August        ..  August-October    October-November 
April-June     April-July        May-July 
April-May        July-August   
July-August       May-September    November-February 
November-April     October-March    October-March 
September-November         
December-February         
April-July-    -   May-June    May-June 

do     -     May-August    .__ 
February-May        - 
December-March    January-April    All  year 
April- July    June-September    .... 
Januarv-March            .... 

do"       
April-June        October-December 
June-September          ..  ... 
All  year             12  months  after  20  to  22  months 

flowering.  after  flowering. 

Table  3. — Eucalyptus :  description  of  viable  seeds  and  chaff 

Species 
Seed  size 

Length Width 
Seed  color Chaff  color 

Data 

source 

E.  camaldulensis. 
i  E.  citriodora   
\E.  delegatensis.    . 
E.  fastigata   
E.  glaucescens   
E.  globulus   
E.  nitens   
E.  obliqua   
E.  regnans   
E.  robusta   
E.  saligna   
E.  sideroxylon   
tE.  viminalis   

Inches  Inches 

0.03-0.07  0.02-0.04  yellow-brown   
.17  .10  black         

.05-15  .04-07  pale  brown  or  brown. 

.05-.13  .02-.05                  do           

.05-.10  .04-.07  black  or  dark  brown 
.09  .07  dark  brown       

.05-.10  .04-.07  black  or  dark  brown 

.04-08  .03-05  dark  brown       

.05-.10  .02-.05  pale  brown  or  brown.. 
.06  .03  dark  brown -.   ... 
.05  .04  black        

.04-.08  .03-.06  dark  brown  or  black 

.05-.10  .06  black  or  dark  brown 

yellow-brown  to  orange. 
brownish  red     ...   
pale  brown  or  brown   

do         . 

pale  red-brown       
brownish  red    

pale  red-brown        .... 
orange-brown  or  brown  . 
pale  brown  or  brown   
brownish  red 
  do       

orange-brown        
pale  red-brown   .... 

8 
U 
8 
8 
8 

2U 

8 
U 
U 
8 
8 
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r1  mm. 

0 

Figure  2. — Eucalyptus  rudis,  desert  eucalyptus:  longi- 
tudinal section  through  a  seed,  50  X. 

E.  nitens.  For  other  species,  such  as  E.  viminalis, 
dispersal  may  not  take  place  until  10  months 
after  ripening  (table  2).  Good  seeds  are  pro- 

duced by  most  species  by  10  years  of  age  (7). 
For  mature  trees  the  interval  between  large 
seed  crops  is  from  2  to  5  years. 

Collection  of  fruits. — Collecting  mature  fruits 
of  eucalypts  should  present  no  serious  problem, 
since  for  most  species  there  is  a  relatively  long 
interval  between  seed  ripening  and  opening  of 
the  capsule  (table  2).  Care  should  be  taken  to 
collect  only  well-developed,  closed  capsules,  be- 

cause on  a  single  branch  capsules  at  different 
stages  of  maturity  will  be  found  as  well  as  buds, 
flowers,  and  empty  capsules  (25).  The  capsules 
should  be  spread  in  a  thin  layer  to  permit  rapid 
drying  and  to  prevent  mold  formation  (9).  The 
most  common  method  is  to  air-dry  the  capsules 
for  a  few  hours  to  a  few  days,  depending  on  the 
maturity  of  the  capsules  (9).  Drying  tempera- 

tures should  not  exceed  100°  F.  for  prolonged 
periods,  since  high  temperature  may  strengthen 
the  dormancy  of  species  such  as  E.  delegatensis, 
E.  fastigata,  E.  glaucescens,  E.  nitens,  and  E. 
regnans  (7,  9).  (Capsules  can  also  be  kiln  dried 
for  relatively  short  periods  (7).  Fruit  drying 
schedules  are  in  table  4. 

Extraction  and  storage  of  seeds. — Once  the 
capsules  are  open,  they  should  be  vigorously 
shaken  to  remove  the  seeds.  Shaking  is  espe- 

cially important  if  the  capsules  are  somewhat 
immature,  since  the  abscission  of  viable  seed 

from  the  capsule's  placenta  may  not  be  complete. 
And  if  shaking  is  not  done,  only  infertile  seeds 
will  be  extracted  {19).  When  examined,  the  im- 

mature capsules  may  appear  empty  after  the 
aborted  seeds  are  removed  since  viable  seeds 
are  normally  attached  at  the  base  of  the  capsule 

{19).  Viable  seeds  are  extracted  with  unferti- 
lized or  aborted  ovules  known  collectively  as 

"chaff"  {9,  22).  Large  impurities  such  as  the 
remains  of  twigs,  capsules,  and  leaves  can  be 
removed  by  screening.  Smaller  impurities  can 
be  removed  by  specific  gravity  separators  like 
that  used  in  the  air  column  method  (7).  Viable 
seeds  and  chaff  cannot  be  separated  by  the  usual 
methods,  and  thus  in  commercial  collections 
fertile  seeds  are  sold  with  the  chaff.  The  pro- 

portion by  weight  of  chaff  to  viable  seeds  is  in 
the  range  of  5:1  to  30:1  {9).  For  some  species, 
such  as  E.  regnans,  the  seed  and  chaff  are  iden- 

tical in  size  and  color ;  for  others,  such  as  E. 
camaldnlensis,  the  seed  and  chaff  are  similar  in 
color  but  differ  in  size  (table  3).  For  most  spe- 

cies there  are  some  differences  in  color  and  size, 
so  viable  seed  can  be  separated  from  chaff  to 
some  extent  if  this  is  required.  Because  of  their 
very  small  size,  eucalypt  seed  are  sold  by  the 
ounce.  The  average  number  of  viable  seeds  per 
ounce  of  seeds  plus  chaff  ranges  from  21,900 
for  E.  camaldnlensis  to  1,000  for  E.  pilularis 
(table  5).  There  may  be  as  many  as  59,500  seeds 
per  ounce  {E.  camaldidensis)  or  as  few  as  200 
{E.  pihdaris). 
Eucalypt  seeds  have  germinated  after  30 

years  of  storage  at  room  temperature,  but  the 
germination  was  very  low  (22).  Most  seeds  can 
be  successfully  stored  for  periods  up  to  10  years 
in  air-tight  containers  at  moisture  contents  of 

4  to  6  percent  at  temperatures  of  32°  to  40°  F. (7,  9).  It  should  be  possible  to  store  successfully 
these  seeds  even  longer  at  temperatures  below 32°  F.  (17). 

Pregermination  treatments. — Most  eucalypt 
seeds  need  no  pretreatment  to  insure  adequate 
germination  if  fresh  seeds  are  used  {9).  A  few 
species,  such  as  E.  delegatensis,  E.  fastigata,  E. 
glaucescens,  E.  nitens,  and  E.  regnans,  are  nor- 

mally dormant  at  the  time  of  collection  and  will 
require  a  pretreatment.  Stratification  of  moist 
seeds  stored  in  a  plastic  bag  at  a  temperature  of 
38°  to  41°  F.  for  a  period  of  3  weeks  will  break 
the  dormancy  of  these  five  species  except  E. 
delegatensis,  which  should  be  stratified  for  4 

Table  4. — Eucalyptus:  fruit  drying  schedules 

Species 

In  air In  kiln 

Temper- ature 
Time 

Temper- 
ature 

Time 

F.  Days  F.  Hours 
E.  camaldulensis  90  1  140  3 
E.  delegatensis     _  _.  90  3  140  6 
E.  globulus      70  5 
E.obliqua    90  3  140  5 
E.  regnans    90  3  140  6 
E.  sideroxylon    70  4 
E.  viminalis      70  6 
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Table  5. — Eucalyptus:  viable  seeds  per  ounce  of  seed  plus  chaff  and  other  yield  data 

Species 

Seed  plus 
chaff  per 

pound  of fresh 

capsules 

Viable  seeds  per  ounce  of  seed  plus  chaff 

Range Average 
Samples 

Data  source 

On7ices 

E.  camaldulensis    1.23 
E.  citriodoya   

E.  dah-ympleana   
E.  delegatensis    1.20 
E.  fasfigata    1.30 
E.  glaucescens   
E.  globulus   
E.  grandis   
E.  microcorys       
E.  nitens    0.91 
E.  obliqua    1.03 
E.  paniculata   
E.  pilularis   
E.  regnans    1.11 
E.  robusta   
E.  rudis   
E.  saligna   
E.  sideroxylon    0.61 
E.  viminalis   

Number 

1,800- 

2,200- 
1,800- 
1,100- 

2,500- 
1,000- 

500- 5,600- 
1,500- 
6,600- 

500- 
1,800- 

200- 
600- 6,200- 

7,600- 

2,400- 
1,800- 
7,500- 

59,500 

6,200 

8,100 

■  3,500 
■  5,900 
■  3,000 
■  9,100 
•34,000 

25,600 ■15,700 

4,500 •  9,600 
■  2,400 
■15,000 
-20,000 

■31,000 

26,000 ■12,500 
■12,600 

Number 

21,900 

4,000 
5,500 
2,100 

4,300 
2,000 
2,500 

20,000 

6,800 10,900 

2,400 
5,000 
1,000 

8,900 11,000 
17,000 
13,000 

6,800 10,000 

Number 
41 
15 
7 

13 

6 
2 

10 
13 

22 
7 

18 

8 
28 
11 

12 
9 
9 

16 

6 

9 

18 
18 
9 
9 

18 
18 

18 

18 
9 
9 

18 

18 
9 

18 
18 
18 
9 
9 

weeks  (7).  Longer  stratification  periods  of  6  to 
8  weeks  are  often  recommended  {17). 
Dormancy  between  different  seed  lots  of  the 

same  species  can  vary  considerably.  In  addi- 
I  tion,  different  methods  of  extraction  and  stor- 
j  age  can  induce  dormancy  in  nondormant  seed  or 
Ij  strengthen  primary  dormancy  in  normally  doi'- ;mant  seeds  {17).  If  the  seeds  fail  to  germinate 
I  after   the   recommended    shorter   stratification 
\  periods,  then  a  longer  period  should  be  tried 
j  before  the  seeds  are  considered  nonviable.  Since 
jmost  seeds  are  stored  before  they  are   used, 
stratification  for  3  to  4  weeks  at  a  temperature 
of  38°  to  41°  F.  is  recommended  for  all  euca- 
lypts  to  insure  faster  and  more  uniform  germi- 

nation {11,  17). 
In  a  few  cases  chemicals  have  been  employed 

I  to  overcome  seed  dormancy.  The  germination  of 
lunstratified  and  dormant  E.  delegatensis,  E. 
Ifastigata,  and  E.  regnans  was  improved  by  ger- 

minating the  seeds  in  a  solution  of  gibberellic 
llacid  (1 ) .  But  not  all  seed  lots  of  the  same  species 

'responded  to  gibberellic  acid  {17). Germination  tests. — Standard  methods  for 
(testing  germination  in  other  seeds  are  not  used 
jfor  eucalypts  because  of  their  small  seed  size 
jand  the  chaff  which  exceeds  the  amount  of  viable 
jseed.  Instead,  samples  for  germination  are  of 
|equal  weight,  not  number  {9, 13).  Such  methods 
las  the  excised-embryo  and  tetrazolium  tests  are 
limpracti cable  {9).  The  International  Seed  Test- 
jing  Association  recommends  a  sample  unit  of 
0.008  ounce  (250  mg.)  of  seed  {13).  Seeds  are 
placed  on  one  or  more  layers  of  moist  paper  and 

Table  6. — Eucalyptus:  germination  test 
conditions 

Germination  test  conditions ' 

Species 

Daily 

light 
exposure 

Temper- ature 
Dura- 
tion 

Hours 
E.  camaldulensis  24 
E.  cUriodora       0 
E.  dairy mplcana^  24 

E.  delegatensis -^^         0 
E.  fasfigata  '    0 

E.  glaucescens '  24 

E.  globulus-.  24 
E.  grandis       _  0 
E.  microcorys    24 

E.  nitens  '    24 

E.  obliqua    0 
E.  paniculata    24 

E.  pilularis    0 
E.  regnans  ̂      ._  24 E.  robusta     24 

E.  rudis    . 
E.  saligna   

E.  sideroxylon 
E.  viminalis   

24 
24 

24 
24 

"F. 

95 
77 
77 
68 
77 

68 

77 
77 
68 

(68/86) 
68 

68 

68, 

(68/86) 

68 
77 

68, 

(68/86) 
95 

68, 

(68/86) 
68 
77 

Days 

14 
14 

14 

14 
14  or 

21 
14  or 

21 
14 
14 
28 

14  or 21 
14 
28 

14 

21 

28 

14 
28 

14 
14 

Data 

source 

7 
7 

1.3 

7 
13 

7 
7 

13 

7 
13 

7 
7 

'  Germinate  seeds  on  2  layers  of  moist,  filter  paper  in 

a  petri  dish. 
-■  Prechill  28  days  at  38°-41°  F.  (7). 
»  Prechill  21  days  at  38°-41°  F.  (7). 
'  68°  F.  for  16  hours;  86'  F.  for  8  hours. 
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germinated  at  a  constant  temperature  of  68°  F. 
or  with  alternating  temperatures  of  68°  F.  for 
16  hours  and  86°  F.  for  8  hours  (13).  The  tests 
are  conducted  under  lights.  Recommendations 
for  individual  species  are  listed  in  table  6.  Light 
is  employed  for  certain  species  only,  and  there 
are  different  germination  temperatures  (7). 
When  immature  E.  regnans  seeds  are  tested, 
light  should  be  employed  (22). 

If  an  approximate  estimate  of  viability  is 
desired,  a  known  weight  of  dry  seeds  is  soaked 
in  water  and  then  squashed  systematically.  All 
seeds  which  show  a  firm  white  embryo  are  re- 

corded as  viable  (9). 
Soundness  of  eucalypt  seed  is  highly  variable. 

Seed  collections  from  individual  trees  of  E. 
globulins  in  California  had  germinative  capaci- 

ties of  2  to  80  percent  after  a  30-day  germina- 
tion period  (17).  Germination  capacity  of  11 

percent  to  98  percent  has  been  reported  for 
other  species  (table  7). 

Table  7. — Eucalyptus:  germinatiov  test  results 

raise  between  500  and  2,000  plants  per  flat.  De- 
pending on  seed  size  this  should  represent  ap- 

proximately one-fourth  of  an  ounce  of  seed  per 
flat  (17).  The  flats  should  be  well  watered  and 
drained  just  before  planting  and  should  be  pro- 

tected from  wind,  heavy  rains,  and  excessive heat. 

Gei'mination  is  epigeal  (fig.  3)  and  begins  in 
7  to  10  days  and  is  completed  in  3  to  4  weeks 
(1^,  22,  25).  Because  the  seeds  are  small  and 
the  seedlings  very  delicate,  overhead  watering 
should  be  with  a  fine  spray ;  care  must  be  taken 
to  maintain  adequate  soil  moisture. 

When  the  seedlings  are  about  6  to  8  weeks  old 
and  have  developed  two  pair  of  leaves  and  a 
third  pair  is  just  visible,  they  can  be  trans- 

planted into  suitable  containers  for  further 
growth  (11,  U). 

In  transplanting,  the  seedlings  should  be 
lifted  by  the  tip  of  a  leaf,  and  not  by  the  delicate 
stem.  Prior  to  lifting,  the  seedlings  should  be 
hardened  off  by  exposure  to  the  open  air  away 
from  full  sunlight  and  strong  winds  for  a  few 

Species 
Germination       Test 

capacity       duration 

Data 
source 

Percent  Days 
E.  citriodora    51  15  6 
E.  grandis    98  29  5 
E.  microcorys    76  24  26 
E.pilularis    11  29  26 
E.  robusta    84  18  26 
E.  sideroxylon..     69  49  6 

Nursery  practice. — On  the  United  States 
mainland,  eucalypt  seed  is  rarely  sown  directly 
in  the  nursery,  a  practice  common  in  Hawaii. 
The  most  common  practice  in  growing  eucalypt 
seedlings  is  to  germinate  the  seeds  in  pots, 
boxes,  or  wooden  flats.  A  commonly  used  con- 

tainer is  a  wooden  flat  18  to  20  inches  long,  16 
to  20  inches  wide,  and  4  to  5  inches  deep  with 
good  bottom  drainage  (11,  14).  The  planting 
medium  should  be  porous,  friable,  and  light 
textured,  as  a  light,  sandy  loam  (11,  12).  The 
medium  must  permit  good  drainage  and  should 
not  cake  or  become  hard  on  the  surface  after 
watering.  Because  of  possible  weed  and  disease 
problems,  the  soil  should  be  sterilized.  Various 
mixtures  are  used  also,  with  the  most  common 
consisting  of  equal  parts  by  volume  of  sand, 
soil,  and  organic  matter.  The  flats  are  filled  to  a 
depth  of  3  to  4  inches  and  the  soil  surface  is 
leveled. 

Because  of  their  small  size  the  seeds  are  mixed 
with  a  little  sand,  and  the  mixture  then  is  spread 
evenly  over  the  soil  surface  (11,  H,  22).  The 
seeds  are  covered  with  one-eighth  inch  of  fine 
sand,  peat,  or  sphagnum  moss  to  prevent  sur- 

face drying.  Enough  seed  should  be  sown  to 

Figure  3. — Eucalyptus  seedling  development:  A, 
Eucalyptus  vimmalis  (manna  eucalyptus)  at  1  day; 
B,  at  8  days;  C,  Eucalyptus  nidis  (desert  eucalyptus) at  42  days. 
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days  to  a  week.  A  number  of  different  contain- 
ers, from  jiffy  pots  to  tin  cans,  have  been  used 

with  success  (12,  14).  The  containers  should  be 
large  enough  to  permit  the  development  of 
strong  plants,  but  small  enough  to  permit  ease 
of  transportation.  Tubes  should  be  at  least  1.5 
inches  in  diameter  and  6  to  12  inches  long  (14). 
When  metal  tubes  are  employed,  they  are  made 
so  that  they  can  be  readily  opened  in  the  field 
and  can  be  reused.  After  transplants  are  placed 
in  containers,  care  maist  be  taken  to  prevent 
damage  to  them.  Seedlings  should  be  well  wa- 

tered and  shaded  from  light.  After  several 
weeks  the  transplants  can  be  placed  in  the  open 
so  that  they  can  become  hardy.  They  should  be 
ready  for  outplanting  in  4  to  5  months. 

Because  of  the  rapid  grovd;h  of  eucalypts, 
care  must  be  taken  lest  the  plants  become  pot- 
bound.  Seedlings  should  not  be  permitted  to 
grow  in  small  containers  for  extended  periods 
prior  to  outplanting.  Normally  it  takes  from  7 
to  10  months  from  sowing  for  a  seedling  to  be 
ready  for  outplanting,  depending  on  the  species 
and  growing  conditions  (11,14). 

Seeds  can  be  sown  directly  in  a  standard  4- 
foot  nursery  bed.  The  soil  should  be  first  fumi- 

gated to  kill  weed  seeds  and  pathogens,  then 
watered  well  and  drained  before  sowing.  Be- 

cause seeds  are  .small,  even  distribution  is  diffi- 
cult when  they  are  broadcast  sown.  Seeds  should 

be  sown  in  narrow  strips  or  rows,  covered  with 
a  thin  layer  of  sand  or  peat,  and  watered  thor- 

oughly (22).  Under  very  hot  conditions  the 
nursery  beds  should  be  shaded.  Young  eucalypt 
jSeedlings  need  a  great  amount  of  light,  so  only 
moderate  shade  is  recommended.  If  bare  root 
Ifstock  is  desired,  the  seedlings  are  left  in  the 
beds  for  about  6  to  12  months.  More  commonly, 
the  seedlings  are  lifted  after  5  to  10  weeks  and 

planted  in  individual  containers.  Because  of  dif- 
ferences in  seed  size  and  purity  among  species 

iseed  lots,  the  variation  in  number  of  seedlings 
'produced,  by  a  given  weight  of  seeds,  will  varv 
Widely  (27): 

Species 
E.  camalduJensis 
E.  citriodora    
E.  glaiicesccns   
E.  globulus       
E.  microcorys     ... 
E.  paniculata   
E.  robusfa       
E.  viminalis       

Seedhigs  per  oxince  of  seed 

5,000 
1,700 

2,830 
800 180 

160 
400 

3,160 

Vegetative  propagation  by  rooting  and  graft- 
ng  has  been  successful  in  some  of  the  eucalypts. 

f'he  following  species  have  been  rooted  success- 
fully: E.  citriodora,  E.  sideroxylon,  E.  camal- 

lulensis,  E.  robusta,  E.  rudis,  E.  dalrynipleana, 
globulus,  E.  grandis,  and  E.  viminalis  (20, 

■2).  But  in  the  main,  only  shoots  with  juvenile 

EUCALYPTUS 

leaves  have  been  rooted,  and  these  most  often 

from  trees  younger  than  5  years  (22).  Euca- 
lypts can  also  be  propagated  by  grafting.  At  the 

present  time,  vegetative  propagation  does  not 
appear  to  be  a  practical  method  for  producing eucalypt. 
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Celastraceae — Staif-tree  family 

EUONYMUS  L.  Euonymus 

by  Paul  O.  Rudolf  ̂  

Growth  habit,  occurrence,  and  use. — Euony- 
mus includes  about  170  species  of  deciduous  or 

evergreen  shrubs  and  small  trees,  sometimes 
creeping  or  climbing,  native  to  North  and  Cen- 

tral America,  Europe,  Asia,  Madagascar,  and 
Australia  (15,  19).  Because  of  their  attractive 
fruits,  the  euonymus  species  are  planted  widely 
for  ornamental  purposes,  but  they  also  have 
some  value  for  wildlife  food,  shelterbelts,  and 
minor  wood  products;  at  least  one  species  is  a 
source  of  gutta  (25).  Eight  species  that  have 
potential  value  for  conservation  planting  are 
described  in  detail  in  tables  1  and  la. 

Geographic  races. — Scientific  information  as 
to  the  presence  of  geographic  races  among  eu- 

onymus species  is  lacking.  E.  alatus  var.  aperta 
Loes.,  however,  is  confined  to  central  and  west- 

ern China  and  may  be  a  geographic  race.  It 
differs  from  the  typical  E.  alatus  in  having 
black  seeds  with  the  aril  split  at  the  apex  (19). 

Table  la. — Euonymus:  height  and  year  of 

first  cultivation 

Species 

HeiRht 
at 

maturity 

Year  of 

first 
cultivation 

Data 
sources 

'  North  Central  Forest  Exp.  Stn. 

Feet 
E.  alaUis   -,  3  to  10 1860 

19 

E.  americanus. 3  to  6 
__    6to20_  ^ 

1697 

.    1756       ... 

7,  If) 

E.  atropurpureus- 5 
E.  bungeanus   _    13  to  20 

1883 

19 

E.  europaens.-     _ __   10  to  23 
Long  ago 

2,  26 
E.  maackii   ..    5  to  17 

1880 
19 

E.  obovatus   ...  1  to  2 1820 19 
E.  verrucosus   ..  3  to  7     .. 1763 19 

Table  1. — Euonymus:  nomenclattn-e,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence Uses Data  compilers 

for  the  species 

E.  alatus  (Thunb.) 
Sieb. 

E.  stricta  Loes. 
E,  americanus  L   

E.  angustifoUa  Pursh. 

E,  atropurpureus  Jacq   

winged  euonymus, 

winged  spindle- tree. 

brook  euonymus, 
strawberry-bush, 
bursting-heart. 

eastern  wahoo, 
burning-bush, 
wahoo. 

E.  buugeauus  Maxim    winterberry 
euonymus. 

E.  europaeus  h       European  euonymus, 
E.  vulgaris  Mill.  European  spindle- 

tree. 

E.  maackii  Rupr          Maack  euonymus 
E.  hamilfoniana  var. 

maackii  (Rupr.)  Komar. 
E.  obovatus  Nutt        running  euonymus, 

E.  odorata  CNutt.)  Rehd.  iiinning  straw- 
berry-bush. 

E.  verrucosus  Scop         warty-bark  euonymus, 
warty  spindletree. 

Central  China,  Manchuria,         H,  E.      . . 
Eastern  Siberia,  Korea, 

Japan,  Sakhalin. 
New  York  to  Illinois  to  H,  E 

Texas  to  Florida. 

Western  New  York  to  H,  S,  E 
southern  Ontario,  central 

Michigan,  central  Minne- 
sota, southeast  North 

Dakota,  south  to  northwest 
Nebraska,  central  Kansas, 
and  east  Texas,  east  to 
Arkansas,  Tennessee,  and 
northern  Alabama. 

Northern  China,  Manchuria,      H,  S,  E 
Korea. 

Europe  to  west  Asia  (found        T,  H,  S,  E 

up  to  3,000  ft.  in  moun- tains). 

Northern  China  and  Korea         H,  E   

Paul  O.  Rudolf. 

R.  L.  Barnes. 

Knud  E.  Clausen. 

Paul  0.  Rudolf. 

Do. 

Do. 

Western  New  York  and 
southern  Ontario  to  central 
Michigan,  Illinois,  south  to 
West  Virginia,  Kentucky, 
and  Missouri. 

Southern  Europe  and  western    H,  S,  E 
Asia. 

H,  E,  W        Knud  E.  Clausen. 

Paul  0.  Rudolf. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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Figure   2. — Euonymiis    americanus,    brook    euonymus: 
seeds  enclosed  in  their  fleshy  arils,  4  x. 

f.  americanus 

brook  euonymus 

E.  atropurpureus 
eastern  wahoo 

Figure  1. — Euonymus :  top  views  of  open  capsules,  2  X. 

Flowering  and  fruiting. — The  usually  perfect 
flowers,  borne  in  clusters,  bloom  in  the  spring. 
The  fruit,  which  ripens  in  late  summer  or  fall, 
is  a  four-  to  five-celled    (occasionally  two-  to 

three-celled)  capsule  that  is  usually  lobed  and 
sometimes  winged  (fig.  1  and  color  plate).  Each 
fruit  cell  contains  one  or  two  seeds  enclosed  in 
a  fleshy,  usually  orange  aril  (fig.  2).  Good  fruit 
crops  are  borne  almost  annually.  Natural  seed 
dispersal  usually  takes  place  soon  after  the 
fruits  are  fully  ripe.  The  flowering  and  fruiting 
habits  of  the  eight  species  discussed  are  shown 
in  tables  2  and  3. 

Table  2. — Euonymus:  phenology  of  fioivering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 

Data 

source 

E.  alatus      New  England,  Japan        May  to  June      Sept.  to  Oct    1, 19,  27 
E.  americanus    Carolinas   do       do      7, 18 
E.  atropurpureus   do   do      19,  20 
E.  bungeanus    Northeast  United  States    June       do    2, 19,  27 
E.  europaeus    Northeast  United  States,  Europe  May  to  June    Aug.  to  Oct    16, 19,  22,26 
E.maackii    Northeast  United  States     June.  .-.      Oct     19 
E.  obovatus        April  to  June    Aug.  to  Oct    5, 18 
E.  verrucosus      Northeast  United  States,  Germany.- __   May  to  June   do    19,  26 

Table  3. — Euonymus:  fruit  form  and  color  of  fioivers,  fruits,  and  seeds 

Species Color  of — 

Data 

FrulL  form 
Flower                   Ripe  fruit                Seed                       Aril sources 

E.  alatus      Divided  nearly 
to  base  in  4 
separate  pods ; 
sometimes  1-3. 

E.  americanus     3  to  5  lobed 

E.  atropurpureus       Smooth,  deeply 
3  to  4  lobed ; 
4-celled. 

E.  bungeanus      Deeply  4-lobed 
and  4-angled. 

E.  europaeus    Smooth,  4-lobed 
3-5  celled. 

E.  maackii    4-lobed 
E.  obovatus      Usually  3-lobed.. 

Yellowish. Reddish  to 

purplis'h. 

Brown "        Orange  to  red 

19 

E.  verrucosus     Deeply  4-lobed. 

Reddish  green        Pink  to  rose  Yellowish 
to  greenish  white, 

purple. Purple  -.-   -    Pink  to  purple....  Light 
brown. 

Yelllowish              Yellowish  to  Whitish  or 
pinkish  white.  pinkish. 

Yellowish  green    Rose  red  to  White   

pink  \ 
Yellowish     Pink    Red   
Greeenish               Crimson    Tan   

purple. Brownish  ..      Yellowish  red  Black   

Scarlet    7,  19 

Scarlet  5 
(color  plate). 

Orange    19 

Orange       2,  26 
(color  plate). 

Orange  .  19 
Orange  to  19 

scarlet. 

Orange  to  red  ̂   19 
'Whitish,  in  one  variety  (2). °  Black,  in  one  variety. Seed  not  wholly  covered  by  aril. 
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r7. E.  americanus 

brook  euonymus 

E.  atropurpureus 
eastern  wahoo 

E.  obovatus 
running  euonymus 

mm. <^#!^. 

LO 

Figure  4. — Euonyvius  eiiropaeus,  European  euonymus: 
longitudinal  section  through  a  seed,  10  X. 

Figure  3. — Euonymus :  seeds  with  arils  removed,  4   X. 

Collection  of  fruits. — Seed  may  be  collected  in 
late  summer  or  fall  by  picking  the  ripe  fruits 
from  the  bushes  or  trees  by  hand  or  shaking 
them  onto  an  outspread  canvas.  They  should 
then  be  spread  out  to  dry  for  several  days  in  a 
warm  room. 

Extraction  and  storage  of  seeds. — The  seeds 
can  be  extracted  by  beating  the  fruits  in  a  can- 

vas bag  and  then  rubbing  them  through  a  coarse, 
round-hole  grain  screen  (10/64)  (24),  or  the 
fruits  may  be  macerated  in  water  changed  daily 
(12).  Following  dry  extraction  the  chaff  can  be 
removed  by  winnowing.  The  pulpy  arils  can  be 
removed  (fig.  3)  by  rubbing  the  seed  through 
coarse-mesh  wire  cloth  after  they  have  dried 
several  weeks,  but  this  is  difficult  to  do  without 
breaking  the  relatively  thin  seedcoat  and  injur- 

ing the  seed.  If  the  arils  (sometimes  oily)  are 
not  removed  the  seeds  may  not  keep  as  well.  As 

a  result,  commercial  seed  often  has  been  treated 
rather  gently  in  extraction  and  usually  contains 
seeds  with  parts  of  the  arils  still  attached  along 
with  completely  clean  seeds  (fig.  4).  The  num- 

ber of  seeds  per  pound  cleaned  to  this  variable 
degree  is  shown  for  seven  species  in  table  4.  One 
hundred  pounds  of  ripe  fruits  will  yield  about 
10  to  20  pounds  (average  16  pounds)  of  cleaned 
seed,  based  upon  data  for  E.  americanus,  E. 

at)'opnrpurens,  E.  eiiropaeus,  and  E.  verrucosus 
(8,  23,  25). 

Older  Russian  reports  indicate  that  seed  of 
Evoiij/mus  europaeiis  and  E.  verrucosus  can  be 
kept  satisfactorily  for  2  years  in  ordinary  dry 
storage  (S,  22).  Others  have  suggested  dry  cold 

storage  in  sealed  containers  at  34°  to  38°  F. 
ill). 

Recent  Russian  reports  have  shown  high  via- 
bility maintained  for  at  least  7  years  under 

moist  conditions  at  constant  temperatures, 

either  warm  (59°  to  68°  F.)  or  cold  (37°  F.) 
{17).  Any  drying  in  storage  reduced  viability 

Table  4. — Euonymus :  cleaned  seeds  per  poimd 

Species Place  of  collection 
Range 

Average         Samples Data  source 

E.  alatus    Northeast  United  States 
E.  americanus     Durham  Co.,  N.C.    
E.  atropurpureus    Carver  Co.,  Minn.; 

Cole  Co.,  Mo.;  rangewide. 
E.  bungeanus      United  States   
E.  europaeus     Russia,  Netherlands, 

northeast  United  States. 
E.  obovatus     Clinton  Co.,  Mich —    _ 
E.  verrucosus      Russia-  _   -     

Number Number N  timber 

18,600-31,500 
30,000-45,300 
8,700-40,000 

25,000 
35,100 
16,900 

2  + 
3  + 

8 
U,  23 
3,  23 6,  23,  25 

8,500-16,000 

13,500 

13,300 

1  + 

32  + 

23 

8,   lU,   16,  2 
2,  23 

16,300-26,700 
25,500 
20,400 

1 

10  + 

6 
8 
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(17).  Moist  cold  storage  may  be  the  most  practi- 
cal and  effective  way  of  retaining  high  viability 

of  Euoinjmus  seeds  for  extended  periods  (table 
5). 

Pregermination  treatments. — Seeds  of  most 
euonymus  species  have  dormant  embryos.  To 

Table  5. — Euonymus:  seed  storage  conditions 

Seed  storage 

Species 
conditions Viable 

Data 

Seed 
Temper- period 

source 

moisture ature 

°F. 

Years 
E.  alatus   -  Dry     ...  - . 

23 E.  atropurpureus  \- 

Air- 

30  to  38 11 
dry. 

E.  europaeus   --  Dry   
.      1-2 16,22 

Moist-. 59  to  68 
or  37. 

7 
17 

E.  obovatus ^   .    Air- dry. 
34  to  38 11 

E.  verrucosus   

Air- 
dry. 

rooom 

tem- 

pera- 

ture. 

2 8 

Moist- .- 59  to  68 
or  37. 

7 
17 

Seed  stored  in  closed  containers. 

obtain  germination  in  the  laboratory  or  after 
spring  sowing  in  the  nursery,  therefore,  strati- 

fication or  prechilling  is  required.  Some  species 
respond  well  to  cold  stratification  alone,  and 
others  require  warm  plus  cold  stratification 
(table  6). 

Germination  tests. — Germination  is  epigeal 
(fig.  5).  Germination  tests  on  stratified  seed  can 
be  run  in  sand  flats,  germinators,  or  petri  dishes. 
Viability  can  also  be  estimated  by  the  embryo 
excision  method  {9,  10).  Results  reported  for 
five  species  are  given  in  table  7. 

Nursery  practice. — For  best  results,  cleaned 
euonymus  seed  should  be  sown  in  the  fall  soon 
after  collection,  before  the  seed  has  dried  out 
(12,  16).  If  sowing  the  first  fall  is  not  feasible, 
stratified  seed  can  be  planted  (table  6)  early  the 
next  spring  or  the  next  fall  (16).  Details  for 
most  species  are  lacking,  but  for  E.  europaeus, 
recommendations  are  to  sow  the  seeds  14  inch 
deep  at  a  density  to  produce  40  seedlings  per 
square  foot  of  nursery  bed  (16).  The  beds 
should  be  mulched  with  pine  straw  (16).  Tree 
percents  range  from  about  10  for  E.  bungeanus 
to  20  for  E.  atropurpureus  and  25  for  E.  euro- 

paeus (23). 

Table  6. — Euonymus :  stratification  treatments 

Species 
Moisture-holding 

medium 

Warm  period Cold  period 

Tempera- ture 
Time 

Tempera- 
ture 

Time 

E.  maackii     sand  or  filter  paper.. 
E.  obovatus    sand   
E.  verrucosus     sand  or  filter  paper.. 

°F. 

E.  alatus      sand  or  peat   
E.  americanus     _  perlite-peat  mixture   
E.  atropurpureus    sand            68-86 

sand   
E.  bungeanus     _.   sand,  peat  or  filter  paper   
E.  europaeus     sand,  peat  or  filter  paper         68-77 

59-68 

Days 

0 
0 

60 
0 
0 

60-90 

0 
0 

60-90 

"F. 

32-50 
41 

41 
37-41 
37-50 
32-50 

37-41 
32-50 
37-41 32-50 

Days 

90-100 139 

60 

60-180 

60-120 
60-120 
60-120 

60-90 60-150 

120-150 

Data 
source 

23 
U 

2U 

12 

13,17 

17 
13 

17 

12 
17 

Table  7. — Euonymus:  germination  test  conditions  and  residts  on  stratified  seed 

Germination  test  conditions ' 

Species Medium Temperature 
Day        Night 

Dura- 
tion 

Average 
"Si-     P-ty 
capacity Sound- 

ness 
Samples 

°F.  "F. 

E.  americanus      Filter  paper    70  70 
E.  atropurpureus     Sand  flats      86  68 
E.  bungeanus     Germinator    50  32 
E.  europaeus     Sand  flats, 

germinators    77  68 
E.  maackii     Germinators       68  59 
E.  verrucosus     Sand  flats, 

filter  paper    68  54 

Days  Percent  Percent  Percent  Number 
14  15             ...              -.                1 
61  40             75             88               2 
60  20             --             --               1 

60 
60 

60 

71 

75 70 

75 

75 

96 

96 

22-1- 

3  + 

7-1- 

Data 

source 

l^ 

23,  2 A 

17 

16,  17 

17 

17,  21 
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1 1   cm 

Figure  5. — -Euonyynus  eiiropaeus,  European  euonymus: 
seedling  development  at  1  and  12  days  after  germina- 
tion. 
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Chenopodiaceae — Goosefoot  family 

EUROTIA  LAN  AT  A  (Pursh)  Moq. 

by  H.  W.  Springfield  ' 

Winterfat 

Growth  habit,  occurrence,  and  use. — Winter- 
fat  (also  called  white  sage,  winter  sage,  feather 
sage)  is  a  drought  resistant,  low  shrub  native 
to  dry,  sandy  or  shallow  clay  loam  soils  from 
Saskatchewan  to  Manitoba  and  south  to  Cali- 

fornia, Texas,  and  Mexico.  It  is  a  valuable 
browse  plant  for  livestock  and  wildlife,  espe- 

cially in  winter  when  other  forage  is  scarce. 
Winterfat  also  has  some  value  as  an  ornamental. 
The  date  of  earliest  cultivation  is  1895  (4,  14^). 
Although  it  offers  much  promise  for  range  re- 
vegetation,  it  has  not  been  used  extensively  be- 

cause of  erratic  seedling  establishment. 

Ecotypic  variation. — Winterfat  exhibits 
strong   ecotypic    variation,    therefore    care    is 

'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 

needed  in  selecting  plants  for  a  particular  soil 
situation  (17).  Seedling  vigor  differs  among 
different  sources  or  strains,  which  indicates  that 
selection  for  high-vigor  lines  may  be  possible 
(7).  Tall-growing  strains  are  best  suited  for 
winter  ranges  (6). 

Flowering  and  fruiting. — The  small  greenish 
flowers  usually  are  unisexual  and  either  dioe- 

cious or  monoecious  (2,  4).  Indications  are  that 
winterfat  is  cross-pollinated,  probably  by  wind 
(7).  Flowers  bloom  from  June  to  August  de- 

pending on  elevation  and  weather;  fruits  usu- 
ally are  ripe  in  October  (11,  13).  The  fruits  are 

borne  on  compound  spikes  (fig.  1).  The  fruit  is 
a  one-seeded  utricle  consisting  of  a  nutlet  en- 

closed in  two  bracts  each  bearing  fluffy  white 
hairs.  The  pubescent,  membranous  pericarp  is 

Figure  1. — Eurotia  lanata,  winterfat:  fruiting  spike,  approximately  1   X. 
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fused  to  the  seedcoat.  The  curved  embryo  almost 
completely  encircles  a  very  thin  layer  or  residual 

endosperm  (fig's.  2  and  3).  The  fruit  is  dispersed 
chiefly  by  wind  in  the  fall  or  winter  soon  after 
ripening.  Plants  begin  to  bear  fruit  the  first 
year,  and  they  produce  abundant  crops  almost 
annually.  A  10-year-old  stand  has  produced  70 
to  80  pounds  of  fruit  per  acre  {lA). 

Collect  ion  of  fruit. — Mechanized  procedures 
have  been  developed  for  collecting  the  fluffy 
white  fruits.  The  fruits,  when  ripe,  can  be 
stripped  from  the  bushes  with  the  browse  seed 
collector,  a  vacuum  machine  for  harvesting 
shrub  seed  {11).  Manual  fruit  stripping  is  also 
feasible  {IJt).  The  best  period  for  collection  is 
late  October  to  early  November. 

Extraction  and  storage  of  seed. — For  seeding 
with  mechanized  equipment,  cleaned  seeds  are 
desirable.  Clusters  of  mature  fruits  may  be 
broken  up  by  running  them  through  a  nursery 
thresher  (7)  or  a  hammer  mill  operated  at  850 
rpm  {13).  Cleaning  has  been  accomplished  by 
running  the  threshed  fruits  through  a  fanning 
mill  equipped  with  an  upper  screen  having  7/64 
inch  openings  and  a  lower  screen  having  1/16 
inch  openings  {13).  The  number  of  cleaned 
seeds  per  pound  ranges  from  111,000  to  208,000 
(5,  11,  13,  15).  Seed  viability  decreases  rapidly 
during  the  first  year  in  dry  storage  at  room 
temperature  {14).  Viability  is  maintained 
longer  when  seeds  are  stored  in  sealed  contain- 

ers at  40°  F.  {10). 
Germination. — Seeds  germinate  naturally  dur- 

ing cold  or  cool  weather.  They  imbibe  moisture 
readily  and  germinate  satisfactorily  in  the  labo- 

ratory without  pretreatment  provided  they  are 
2  or  3  months  old  {11,  H).  Germination  may  be 
tested  between  or  on  top  of  blotters,  in  rolled 
towels,  or  on  top  of  vermiculite,  sand,  or  other 
substrate.  Light  appears  to  be  neither  necessary 
nor  inhibitory  {11).  Germination  of  sound  seed 
is  rapid  and  commonly  exceeds  90  percent.  Test 
results  on  samples  of  one  lot  under  each  of  three 
test  conditions  are  in  table  1.  Germination  de- 

creases and  is  delayed  as  moisture  stress  in- 
creases ;  the  decreases  are  proportionately  less 

at  lower  temperatures  {8).  Optimum  tempera- 
ture for  germination  varies  according  to  geo- 

FiGURE    2. — Eurotia 
(nutlet),  12   X. 

r3r 

lanata,    winterfat:    cleaned    seed 

LO 

Figure  3. — Eurotia  lanata,  winterfat:  longitudinal  sec- 
tion through  a  nutlet,  16  X. 

graphic  strain  {16).  The  germination  charac- 
teristics of  freshly  collected  seeds  are  not  clearly 

understood,  but  appear  to  be  influenced  by  en- 
vironmental conditions  during  ripening.  Under 

certain  conditions,  the  .seeds  may  be  physiolog- 
ically dormant,  as  exposure  to  low  temperatures 

increases  germination  {12).  Seeds  collected  in 
October  in  New  Mexico  have  undergone  after- 
ripening  for  several  weeks  {11).  Seeds  collected 
in  Utah  in  late  November  germinated  better 
than  those  collected  in  mid-October  {3). 

Nursery  and  field  practice. — For  range  revege- 
tation,  fruits  or  seeds  should  be  sown  during 
cool  weather,  as  high  soil  temperatures  appear 

Table  1. — Eurotia  lanata:  Germination  test  conditions  and  residts 

Germination test  conditions Germinative 

energy 

Germi- 

native 
capacity Daily  light Medium 

Temperature "  Duration 
Data 

period 

Day 

Night 
Amount Period 

Hours 

8 
12 
0 

kimpak   
blotters   
vermiculite   

86 78 

56 

"F. 

68 

58 
56 

Days 
29 

30 
30 

Perceyit 
93 

81 
84 

Days 

5 
4 
5 

Percent 
94 

92 

92 

15 
8 
9 
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somewhat  detrimental  to  seedling  establishment. 
The  best  season  for  seeding,  however,  has  not 
been  determined  {3,  11,  lU).  Shallow  sowing  is 
recommended;  more  seedlings  emerged  from 
seeds  sown  at  a  depth  of  M  «  to  Vs  inch  than  at 
14,  or  1/2  inch  (11).  Seedlings  usually  begin 
emerging  within  2  to  5  days  after  seeding  {11, 
H).  One-year-old  stock  is  best  for  transplanting 
(1, 1J^).  Destruction  of  seedlings  by  rabbits  has 
been  extensive  in  some  areas  (-Z-4). 
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Fagaceae — Beech  family 

FAGUS 

FAG  US  L.  Beech 

by  Paul  O.  Rudolf  ̂   and  W.  B.  Leak 

Growth    habit,    occurrence,    and     use. — The 
beeches  include  10  species  of  medium-sized,  de- 

ciduous trees  native  to  the  temperate  regions  of 
the  Northern  Hemisphere  iH).  They  are  valu- 

able for  their  ornamental  qualities  and  nuts, 

which  ai'e  eaten  by  both  man  and  animals  (1). 
Some  species  are  also  important  timber  trees. 
Two  species  have  been  planted  in  the  eastern 
United  States  (table  1).  Fagus  graudi folia  has 
been  used  to  some  extent  for  reforestation  and 
both  F.  grandifoUa  and  F.  sijlvatica  have  been 
planted  as  ornamentals. 

Geographic  races. — Studies  of  F.  sylvatica  in 
Switzerland,  Germany,  and  Denmark  have 
shown  the  presence  of  several  geographic  races 
that  differ  in  phenological  characteristics,  frost 
hardiness,  rate  of  growth,  and  form  (7,  23). 
I  Scientific  information  is  not  available  as  to  the 

; development  of  geographic  races  in  F.  grand i- 
\folia,  but  in  view  of  the  wide  range  of  the  spe- 
Icies  it  is  probable  that  such  races  have  devel- 

oped. Some  botanists  feel  that  American  beech 
jin  the  southern  part  of  its  range  is  different  and 
icall  it  F.  grandifoUa  var.  caroliniaua  Fern.  & 
JRehd.  {22). 

'  North  Central  Forest  Exp.  Stn. 
'  Northeastern  Forest  Exp.  Stn. 

Flowering  and  fruiting. — The  male  and  fe- 
male flowers  of  beech  appear  with  the  leaves 

and  are  borne  separately  on  the  same  tree 
(monoecious)  ;  they  bloom  in  the  spring  after 
the  leaves  unfold.  The  flowers  are  quite  vulner- 

able to  spring  frosts  (9).  The  m.ale  flowers 
occur  in  long-stemmed  heads,  while  the  female 
flowers  occur  in  clusters  of  two  to  four.  The 
fruit  consists  of  two  or  three  one-seeded  nuts 
surrounded  by  a  prickly  bur  or  husk  developed 
from  the  floral  involucre.  The  husk  turns  brown 
and  opens  soon  after  maturity  in  the  autumn 
(fig.  1),  allowing  the  nuts  to  fall  to  the  ground. 
In  Britain,  observations  .show  a  correlation  be- 

tween size  of  beech  seed  crop  and  (a)  air  tem- 
perature and  (b)  sun.shine  in  July  {9).  Com- 

mercial seed  consists  of  the  ovoid,  unequally 
three-angled,  chestnut-brown,  shining,  thin- 
shelled  nuts  without  endosperm  (figs.  2  and  3). 

Time  of  flowering,  fruiting,  and  seed  dis- 
persal for  the  two  species  are  given  in  table  2. 

Natural  seed  dispersal  is  chiefly  by  gravity  and 
animals.  Information  on  height  at  maturity, 
minimum  seed-bearing  age,  and  interval  be- 

tween good  seed  crops  is  shown  in  table  3. 
Collection  of  fruits;  extraction  and  storage  of 

seeds. — F>eech  nuts  may  be  shaken  from  the 
trees  after  frost  has  opened  the  burs,  or  the 

Table  1. — Fagus:  nomenclature,  occtirrence,  and  uses 

Scientific  names 
and  synonyms 

Common 
names 

Fagus  grandifoUa  Ehrh    American  beech, 
beech. 

P.  sylvatica  L    European  beech 

Occurrence 

Uses ' 

Nova    Scotia   to    southern    Ontario,   south    to    north     T,  H 
Florida  and  east  Texas  in  rich,  damp  woods. 

Europe  and  northeastern  United  States.        T,  H,  E 

'  T:  timber  production,  H:  habitat  or  food  for  wildlife,  E:  environmental  forestry. 

Table  2. — Fagus:  phenology  of  fiotvering  and  fruiting 

o       ■                                   Flowering                      Fruit  ripening 
^P*^'^'^^                                    dates                                    dates 

Seed  dispersal 
dates 

Data 
source 

y.  grandifoUa        March  to  May            Sept.  to  Nov   

r.  sylvatica^                         April  to  May                 -  Sept.  to  Oct   

After  frost 
    After  heavy  frost 

(Oct.  to  Nov.) 

--   12,  18,  20 

6,  8,  9,  23,  26 

'  Dates  are  similar  for  western  Europe  and  the  northeastern  Uni 
ted  States. 
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F.  grandifolia 
American  beech 

F.  sylvatica 
European  beech 

Figure  1. — Fagus:  nuts  enclosed  in  a  partially  opened 
husk,  1  X. Figure  2. — Fagus:  nut,  4  x. 

nuts  may  be  raked  from  the  ground  after  they 
have  fallen,  usually  from  mid-September  to 
November  (10,  25).  Closed  burs  also  can  be 
picked  in  the  fall  from  trees  recently  felled  in 
logging  operations.  In  such  cases  the  burs 
should  be  dried  in  a  thin  layer  for  a  short  time 
and  the  nuts  then  shaken  or  screened  out  (10). 
The  cleaned  nuts  usually  are  sown  or  stratified 
as  soon  as  possible  after  extraction.  Data  on 

seed  yields  and  cleaned  seed  per  pound  are  given 
in  table  4. 

In  France,  an  acre  of  150-year-old  F.  sylvatica 
high  forest  in  a  good  seed  year  yielded  57  bush- 

els of  seed  (25).  In  Germany,  800  to  1,500 
pounds  of  seed  have  been  produced  per  acre  in 
good  seed  years  (23). 

In  Europe  a  common  practice  has  been  to 
store  F.  sylvatica  seed  over  winter  in  fairly  dry 

Table  3. — Fagus:  height,  seed-bearing  age,  and  seed  crop  frequency 

Heie-ht               Year  of               Seed-bearing  age                 Interval  between  large  seed  crops 
Species at                       first                                           Data                             .                         rr,-                   Data 

maturity          cultivation         Minimum        ^^^^^^                Location                   Time            ̂ ^^^^^ 

F.  grandifolia- 

F.  sylvatica   

Feet 

70-120 

65-100 

1800 Long 

cultivated. 

Years 

40 '  40-80 

20 23 
Wisconsin. 

Mountain  areas. 
Great  Britain   

Years 
2-3 4-5 
5-8 
9-12 
3-10 

15-20 

20 

2U 

23 

23 
9 

10 

Species 

Seeds       o^   ^„ 

Fruits            per  ̂ ^^^s per              100  bushel 
bushel        pounds  ̂ ^  j?^„:f 

of  fruit  °^^^"
'^ 

Cleaned  seeds  per  pound 

Range 
Average       Samples 

Data 
source 

\ 

^  40-50  years  for  open-grown  trees  and  60-80  years  in  stands  (23). 

Table  4. — Fagus:  cleaned  seeds  per  pound  and  other  yield  data 

F.  grandifolia   
F.  sylvatica 

fresh  fruits   
air-dried  fruits. 

Pounds 

39-41 
30-35 

Pounds    Pounds 

32  9 

Number 

1,300-2,300 

1,800-2,800 

Number 

1,600 

2,100 

Number 

10 

24 -t- 

16,    17,    19,   20 

10,    13,   15,   23 

23 
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r15 mm 

lq 

Figure  3. — Fagus  grandifolia,  American  beech:   longi- 
tudinal section  through  a  seed,  4  X. 

sand  at  low  temperatures,  often  in  a  good  root 
cellar  {10,  25),  or  outdoors  in  piles  covered  with 
2  to  4  inches  of  straw  or  4  inches  of  sand  ilO) . 

A  better  method  is  to  adjust  the  moisture  con- 
tent of  the  nuts  to  20-30  percent  of  their  fi-esh 

weight  and  store  them  loosely  in  sealed  poly- 

ethylene bags  at  a  temperature  between  33"  and 

41"  F.  {2,  11,  15a).  Storage  under  these  condi- tions from  the  time  of  collection  in  the  fall  until 

February  of  the  following  winter  provides  suf- 
ficient stratification  to  break  dormancy  for 

spring  sowing.  After  approximately  100  days 
of  this  preliminary  stratifications  the  nuts  may 

be  prepared  for  a  longer  storage  period  by  re- 
ducing the  moisture  content  slowly  to  8-10  per- 

cent of  their  fresh  weight.  This  reduction  has 
been  accomplished  without  loss  of  viability  by 

drying  the  nuts  in  a  current  of  air  at  59°  F.  for 
40  hours  i22a).  At  a  moi.sture  content  of  about 

9  percent,  nuts  stored  in  sealed  containers  at  5° 
to  14"  F.  have  remained  viable  for  3i/j  years 
(2,  15a).  Dry  peat  also  is  a  suitable  medium  for storage  (4). 

Pregermination  treatments  and  germination 
tests. — Beech  seeds  require  cold  stratification 
(prechilling)  for  prompt  germination.  Interna- 

tional Seed  Testing  Rules  (.5)  for  germinating 
seeds  of  F.  .sylvatica  specify  placing  them  on 
top  of  moist  paper  or  in  moist  sand,  prechilling 
them  for  42  days  at  37  to  41  F.,  and  then  rais- 

ing the  temperature  to  68"  F.  for  a  period  of 
28  days.  Germination  should  be  starting  on  all 
viable  seeds  at  the  low  temperature  before  they 

are  exposed  to  68"  F.  Some  seed  lots  required  a 
period  of  140  to  150  days  of  stratification  for 
full  germination  (tables  5  and  6).  Raising  the 

Table  5. — Fagus:  germinatioit  test  conditions 

1                Species 
Cold 

stratificatior 

period 

Germination  test  conditions  ' 

1 

Medium 
Temperature 

   1 

Day            Night 

Duration 

Data 
source 

F.  grandifolia              _  __    _ 

'F.  sylvatica         ._   
W.  sylvatica,  fresh  ■■   
F.  sylvatica,  stored  '     . 

Days 

90 42 

140 
150 

Sand  flats 
Sand  flats,  moist  paper 
Sand  +  peat 

Sand  +  peat        ,     

"F. 

86 
86 
33 
41 

°F. 

68 

68 

33 
41 

Days 

60 

■-'60 

(') 

V) 

19,20 
2,5,  10,23 

15a 
15a 

'  Light  is  not  required. 
"  Germination  can  be  completed  in  a  shorter  period  of  time  when 

on  moist  paper. 

:     '■'■  Seed  moisture  content  was  23  percent  of  fresh  weight. 
1     '  Germination  was  completed  during  the  stratification  period  a.s 

seedcoats  are 

judged  by  the 

removed 

presence 

and  the  embryos  placed 

of  emerging  radicles  at 
least  Vg  inch  (3mm)  long. 

'  Seed  moisture  content  reduced  to  9  percent  of  fresh  weight  and  stored  at  14°  or  36°   F.  for  68  days  in  a  sealed 3ottle. 

Table  6. — Fagus .•  g  ermine ition  test results  on strattfiei I  seed 

Species 

Germinative energy Germinative 
capacity 

Amount         Samples 

Purity 

Sound- 
ness 

Data 

Amount Period 

source 

'^.  grandifolia    
f.  sylvatica 

Perceyit 

84 
56 
60 

Days 47 

120 110 

Pe7-cent 
85 
81 100 

100 

Number 
6 

27  + 

1 
1 

Percent 

97 

96 100 100 

Percent 

91 
85 100 

100 
19,  20 2,5,  10,23 

■".  sylvatica,  fresh  ... 
<".  sylvatica,  stored. 

15a 
15a 
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temperature  to  68°  F.  after  only  100  or  110 
days  resulted  in  germination  that  was  less  than 
60  percent  of  the  maximum  (15a).  For  F.  gran- 
difolia,  a  90-day  prechilling  period  and  a  60-day 
germination  period  have  been  recommended 
{20,  table  5).  Quick  tests  of  seed  viability  may 
be  made  by  staining  the  embryos  with  tetra- 
zolium  (5).  Germination  is  epigeal  (fig.  4). 

Nursery  practice. — Beech  seed  can  be  sown 
in  the  fall  as  soon  after  collection  as  possible, 
or  stratified  seed  can  be  sown  in  the  spring. 
Sufficient  seed  should  be  sown  to  produce  25 
two-year-old  seedlings  or  45  one-year-old  seed- 

lings per  square  foot  (5,  10).  The  seed  should 
be  covered  with  i/>  inch  of  soil.  Fall-sown  beds 
should  be  mulched  until  midsummer  {10)  and 
given  special  protection  against  rodents  {20). 
The  seedbeds  require  half-shade  until  past  mid- 

summer of  the  first  year  {25).  A  tree  percent 
of  about  15  can  be  expected  {21,  23). 
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Rosaceae — Rose  family 

FALLUGIA  PARADOXA  (Don)  Endl.  Apache-plume 
by  Glenn  H.  Deitschman,^  Kent  R.  Jorgensen,-  and  A.  Perry  Plummer  ^ 

Synonyms. — F.  acuminata  (Woot.)  Cockerell, 
Sieversia  paradoxa  D.  Don. 

Other  common  names. — fallugie,  pofiil. 
Growth  habit,  occurrence,  and  use. — Apache- 

plume  is  an  attractive,  often  evergreen,  many- 
branched  shrub,  found  on  a  wide  variety  of 
soils  from  western  Texas  and  southwestern 
Colorado  through  southern  Nevada  to  south- 

eastern California,  and  southward  into  Mexico 
(1,  6).  Considerable  ecotypic  variation  has  been 

'  Intermountain  Forest  &  Range  Exp.  Stn. 
-  Utah  Division  of  Fish  &  Game. 

noted    in    appearance,    particularly    in    heig' which  ranges  from  2  to  7  feet.  Important  phy 
ological  differences  have  also  been  observed 
tolerance  to  cold  temperatures  and  probably 
heat  {3).  The  species,  an  important  forage  pla; 

on    some    ranges,    furnishes    browse    to    bo- 
domestic  and  wild  animals  {6).  Because  of  i 
conspicuous  flowers   and   decorative   plumelil 
seeds,  it  has  been  used  in  ornamental  plantii 
from  time  to  time  since  1877  and  is  perfect 
hardy  as  far  north  as  Massachusetts.  Falhig 
is  an  excellent  shrub  for  controlling  erosion 
arid  lands  and  for  that  reason  has  been  plant( 
to  a  limited  extent  in  the  Southwest    (7). 
natural    hybrid,    Apache-plume    crossed    wr 
Stansbury    cliffrose    (Coivania   mexicana   va 
stanshuriana) ,  has  been  found  on  the  Kaib{ 
National  Forest   (5),  and  recent  attempts 
artifically  hybridize  these  two  species  appear 
have  been  successful  {2). 

Flowering  and  fruiting. — Large,  white,  ros 
like,  perfect  flowers  are  borne  singly  or 
clusters  on  long  stalks.  Flowering  can  occur  i 
early  as  April  or  as  late  as  August  (4,  5,  8).  Tl 
fruits,  each  a  small  hairy  achene  tipped  with 
persistent  feathery  style  1  to  2  inches  in  leng 
(fig.  1),  usually  form  dense  clusters  of  20  to  { 
or  more.  As  the  fruit  ripens,  it  changes  from 
greenish  to  a  reddish  color  (3,  7).  Ripening  ̂ 
the  fruits  and  their  dispersal,  mainly  by  win 
occur  about  a  month  or  two  after  flowerii 
begins.  Ripe  achenes  (figs.  2  and  3)  compri 
commercial  "seed."  The  species  is  a  general 
consistant  seed  producer  in  Utah;  seed  cro; 
have  been  observed  to  occur  at  1-  to  3-ye; intervals  {3). 

Figure  1. — Fallugia  paradoxa,  Apache-plume: 
with  style  (tip  broken),  4  X. 

achene         Figure  2. — Fallugia  paradoxa,   Apache-plume: 
with  style  removed,  8  X. 
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i-3nnm 

^0 

Figure   3. — -Fallugia    paradoxa,    Apache-plume : 
tudinal  section  through  an  achene,  32  X . longi- 

Seed  collection  and  storage. — The  seeds  may 
be  collected  when  the  reddish  color  of  the  hairy 
styles  whitens  and  the  plump  seeds  fall  readily 
(7).  Seeds  can  be  stripped  or  shaken  onto  a 
canvas.  Chopping  or  rubbing  to  break  off  the 
styles  should  be  followed  by  fanning  and  screen- 

ing to  remove  debris  {3).  Minimum  purity  and 
viability  standards  for  commercial  seed  in  Utah 
are  90  and  70  percent,  respectively  (5).  Seed 
with  a  moisture  content  of  7  to  12  percent  can 
be  stored  in  cloth  or  burlap  sacks  for  at  least 
[2  or  3  years  in  a  dry,  ventilated  warehouse  or 
granary  without  significant  loss  in  viability  (5). 

The  following  yield  data  were  obtained  from 
seed  collections  made  in  central  Utah  (5) : 

(a)  Weight  of  a  bushel  of  fruit  was  2  pounds. 
(b)  Yield  of  cleaned  seed  per  bushel  of  fruit 

was  ̂ ,^-H  pound. 
(c)  Yield  of  cleaned  seed  per  100  pounds  of 

fruit  v.'as  12-16  pounds. 
(d)  Soundness  of  the  seed  was  80  percent. 
(e)  Average  number  of  cleaned  seed  per 

pound  in  10  samples  with  moisture  con- 
tents from  7  to  12  percent  was  540,000 

with  a  range  of  500,000  to  580,000. 

Germination. — The  seeds  of  Apache-plume 
germinate  readily  without  special  treatment; 
germination  is  epigeal.  In  tests  involving  two 
Utah  seed  sources,  4-month-old  seeds  (6 
samples)  were  placed  between  moist  papers  and 

kept  at  32'-38-  F.  for  60  days.  Germinative  ca- 
pacity averaged  73  percent  for  one  source  and 

60  percent  for  the  other  (3).  In  an  earlier  test 
for  which  source  and  test  conditions  were  un- 

known, germinative  energy  was  42  percent  in 
14  days  and  average  germinative  capacity  (4 
samples)  was  45  percent  after  20  days. 
Nursery  practice. — In  the  southwestern 

United  States,  Apache-plume  has  been  broad- 
cast-sown from  July  to  October  or  from  Febru- 

ary to  April  apparently  with  good  results  (7). 

After  sowing,  the  beds  are  I'olled  and  the  seed 
then  covered  with  ' , ,-,  inch  of  soil  and  ̂ ,  :s  to  Y^ 
inch  of  sifted  sand.  Germination  occurs  within 

4  to  10  days  after  sowing.  Seedling  are  illus- 
trated in  fig.  4. 

Figure  4. — Fallugia  paradoxa,  Apache-plume:  A,  seed- 
ling with  primary  leaves  only;  B,  seedling  with  pri- 

mary and  secondary  leaves. 
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Rutaceae — Rue  family 

FLINDERSIA  BRAYLEYANA  F.  Muell. 

by  Herbert  L.  Wick  ̂  

Queensland-maple 

Synonyms. — Flindersia  chatawaicuia  F.  M. 
Bailey. 

Other  common  names. — Brayley  flindersia 
(SPN)  silkwood,  maple-silk-wood,  red-beech. 
Growth  habit,  occurrence,  and  use. — Queens- 

land-maple is  a  native  of  Queensland,  Australia, 
and  was  introduced  to  Hawaii  in  1935  (2,  5). 
It  is  a  broadleaf ,  tropical  hardwood  tree  which 
achieves  a  height  of  from  80  to  100  feet  at 
maturity. 

Queensland-maple  ranks  with  mahogany, 
walnut,  cedar,  and  blackwood  among  the  best 
cabinet  timbers  of  the  world  and  is  one  of  the 
most  valuable  species  on  the  Australian  market. 
It  is  also  used  as  veneer,  plywood,  laminated 
panels  and  doors  (1).  It  is  a  medium  dense  wood 

[with  an  average  specific  gravity  of  34.5  pounds 
per  cubic  foot.  Plantings  in  Hawaii  have  not, 
as  yet,  been  commercially  harvested. 

Flowering  and  fruiting. — Queensland-maple 
has  small  white  fragrant,  five-petaled  bisexual 
flowers  which  generally  form  large  panicles 
occurring  from  August  to  September.  The  fruit 
is  a  hard-shelled,  warty,  five-valved  capsule.  In 
iHawaii,  it  generally  ripens  from  Tune  to  July, 
'with  the  discharge  of  two-winged  seeds  in  July 
ithrough  September  (figs.  1  and  2)  (4,  7).  It 
itisually  starts  bearing  seed  at  8  years  of  age  and 
[produces  a  crop  annually  (7). 

Collection,    extraction,    and    storage. — When 
he  capsules  turn  from  green  to  brown  they  are 
ripe  and  should  be  picked.  In  Hawaii  the  cap- 

sules are  picked  by  hand  from  felled  or  standing 
rees.  The  fruit  is  spread  on  trays  for  air-drying 
r  is  oven-dried.  As  the  capsules  dry,  they  open, 
eleasing  fairly  large  winged,  light  brown  seeds 
bout  2  inches  long  (5  cm).  In  Hadaii,  seeds  per 
ound  average  about  4,800,   with  a  range  of 
,450  to  5,300  (7).  In  Queensland,  Swain   (6) 
eported  a  range  of  3,000  to  5,000  seeds  per 
pound.  In  Hawaii,  the  seeds  are  stored  in  alr- 

ight containers  at  35°   F.  The  seed  does  not 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stii. 

store  well,  and  loses  its  viability  within  a  year. 
Because  seeds  are  easily  damaged,  they  must  be 
handled  gently.  The  seed  is  also  very  sensitive 
to  chemicals  used  in  storage  or  fumigation; 
moisture  content  appears  to  be  critical  in 
storage  (3). 

Germination. — In  Hawaii,  good  germination 
was  obtained  without  any  pregermination  treat- 

ment (7).  In  a  test  in  Queensland,  germination 
was  70  percent  in  7  days  and  90  percent  in 
20  days  (6). 

Figure    1. — Flindersia    brayleyana,    Queensland-maple: 
seed,  1   X. 

30mm 

Figure  2. — Flindersia  brayleyana,  Queensland-maple: 
longitudinal  sections  through  two  planes  of  a  seed, 1.0  X. 
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Nursery  and  field  practice. — In  Hawaii, 
Queensland-maple  seed  is  sown  as  soon  as  it  is 
collected,  at  a  rate  of  15  to  20  per  square  foot 
and  at  a  sowing  depth  of  14  to  Vo  inch.  Treating 
the  seed  before  sowing  is  usually  not  necessary. 
Young  seedlings  are  provided  overhead  shade 
for  about  the  first  2  months.  Seedlings  are  out- 
planted  as  1-0  seedlings  (7). 
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Oleaceae — Ash  family 

FR  AX  IN  US 

by  F.  T.  Bonner  i 

Ash 

Growth    habit,    occurrence,    and    uses. — The 
ashes  comprise  a  large  genus  of  deciduous  trees 
whose  members  are  vahied  for  many  reasons 
(table  1).  In  addition  to  nine  native  species,  two 

Southern  Forest  Exp.  Stn. 

European  species  that  have  been  widely  planted 
as  ornamentals  in  North  America,  Fraxinus 
excelsior  and  F.  ornus,  are  included  in  this 
manual.  Practically  all  ashes  have  been  planted 
to  some  extent  for  landscaping  and  in  parks. 
Ashes  made  excellent  shade  trees  in  residential 

Table  1. — Fraxinus:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses' 

Data  compilers 

F.  amer'icana  L. 
F.  americana  var. 

microcarpa  A.  Gray. 
F.  hiltmoreana 
F.  americana  var. 

crassifolia  Sarg. 

.  white  ash, 
Biltmore  white 
ash,  Biltmore  ash, 
smallseed  white 
ash. 

Cape  Breton  Island,  Nova 
Scotia,  west  to  south- 

eastern Minnesota,  and 
south  to  Texas  and 
Florida. 

T, 

H. Rodney  D.  Jacobs. 

F.  caroliniana  Mill   Carolina  ash,  swamp 
ash,  water  ash. 

Southeastern  Virginia  south 
to  southern  Florida,  west 
to  Texas  and  Arkansas. 

H. R.  R.  Reynolds. 

F.  dipetala  Hook,  and  Arn., two-petal  ash, 
flowering  ash, 
foothill  ash. 

Central  California  south  to 
northwestern  Lower 
California,  Mexico. 

H William  W.  Oliver. 

F.  excelsior  L      . European  ash Europe  and  Asia  Minor; 
widely  planted  in  the 
United  States. 

T, 
H, 

W,  S,  E 
R.  S.  Embry. 

F.  nigra  Marsh   
F.  sambucifolia  Lam. 

black  ash,  basket 
ash,  brown  ash, 
hoop  ash,  swamp 
ash, water  ash. 

Newfoundland  to  north- 
western North  Dakota, 

south  to  Iowa  and 
Delaware. 

T, 

H Rodney  D.  Jacobs. 

F.  ornus  L.          
F.  florihunda  Hort.  Wall. 
Ornus  europaea  Pers. 

flowering  ash      Southern  Europe  and 
western  Asia ;  widely 

planted  in  the  United 
States. 

E Paul  0.  Rudolf. 

F.  pennsylvanica  Marsh. green  ash, red  ash, 
Darlington  ash, 
white  ash,  swamp 
ash,  water  ash. 

Cape  Breton  Island  to 
Alberta,  south  to  Texas 
and  northwest  Florida. 

T, 
H, 

S,  E     _ 

F.  T.  Bonner. 

F.  profunda  (Bush)  Bush 
F.  michauxii  Britt. 

pumpkin  ash,  red 
a.sh,  swell-butt ash. 

New  York  and  southern 
Illinois,  south  to  Louisiana 
and  northwestern  Florida. 

H L.  C.  Maisenhelder. 

F.  quadrangulata  Michx. blue  ash   Southern  Ontario  and  Wis- 
consin, south  to  north- 
eastern Oklahoma  and 

Alabama. 

T, 

H Rodney  D.  Jacobs. 

F.  uhdei  (Winzig) 
Lingelsheim. 

F.velutina  Torr       
F.  velutina  var.  toumey 

(Britton)  Rehd. 
F.  velutina  var.  glabra 

Rehd. 
F.  standley  Rehd. —                                     .   

Shamel  ash, 

tropical  ash. 
velvet  ash,  desert 

ash,  leatherleaf 
ash,  smooth  ash, 
smooth  Oregon 
ash,  Arizona  ash, 
Toumey  ash. 

West  central  Mexico; 

planted  in  Hawaii. 
Utah  and  Nevada,  south  to 

southern  California  and 
southwestern  Texas. 

T 

T 

H 

s. 

E 

C.  D.  Whitesell. 

R.  S.  Embry. 

T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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areas,  and  over  a  dozen  varieties  of  F.  excelsior- 
are  in  cultivation  (31).  Native  favorites  for 
landscaping  are  F.  americana  and  F.  pennsyl- 
vanica  in  the  eastern  and  central  States  and  F. 
velutina  in  arid  situations  in  the  Southv^est. 

Flowering  and  fruiting. — The  small,  usually 
inconspicuous  flowers  appear  in  the  spring 
(table  2)  with  or  just  before  the  leaves  in 
terminal  or  axillary  clusters.  Flowering  habit 
varies  by  species  (table  2).  Ash  fruits  are  elon- 

gated, winged,  single-seeded  samaras  that  are 
borne  in  clusters  (figs.  1,  2,  and  3).  Fruits 
mature  by  late  summer  or  fall,  and  they  are 
dispersed  by  most  species  shortly  afterward 
(table  2).  Samaras  of  F.  nigra  and  F.  quad- 
rangulata  have  a  characteristic  spicy  odor  {31). 
Fruiting  data  are  given  in  table  3. 

Collection  of  fruits. — Ash  fruits  are  usually 
collected  in  the  fall  when  their  color  has  faded 
from  green  to  yellow  or  brown  (3,  10,  27,  31, 
33).  Collection  of  F.  excelsior  and  F.  ornus  in 
Europe  is  recommended  when  the  samaras  are 
still  slightly  green  and  sowing  can  be  done  im- 

mediately (24).  Another  good  index  of  maturity 
is  a  firm,  crisp,  white,  fully-elongated  seed 
within  the  samara  (24,  35).  Clusters  should  be 
picked  by  hand  or  with  pruners  and  seed  hooks. 
Fully  dried  samaras  may  be  shaken  or  whipped 
from  limbs  of  standing  trees  onto  sheets  spread 
on  the  ground.  Samaras  can  also  be  swept  up 
from  paved  streets  or  other  hard  surfaces  after 
they  fall  (31). 

Extraction  and  storage  of  seeds. — Samaras 
should  be  spread  in  shallow  layers  for  complete 
drying,  especially  when  collected  early.  Dried 
clusters  may  be  broken  apart  by  hand,  by  flailing 
sacks  of  clusters,  or  by  running  through  a 
macerator  dry  (31).  Stems  and  trash  can  then 
be  removed  by  fanning  or  with  air-screen  clean- 

ers. Screen  openings  of  %  by  %  inch  are  good 
for  F.  americana  and  F.  pennsylvanica.  Dewing- 
ing  of  samaras  is  not  necessary  (31).  Seed  yield 
data  are  given   in  table  4.   Complete  data  on 

Figure  1. — Fraxinus  americana,  white  ash:  cluster  of 
samaras,  1  X. 

long-term  storage  of  all  Fraxinus  species  are  not 
available,  but  methods  that  were  worked  out  for 
F.  -pennsylvanica  and  F.  excelsior  apparently 
are  good  for  the  entire  genus.  No  loss  in  viability 
for  7  years  was  found  when  seeds  of  these  two 

Table  2. — Fraxinus:  fioivering  habit  and  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Flowering 

habit Fruit  ripening      Seed  dispersal 
dates  dates 

Data 

F.  americana          Apr.-May 
F.  caroliniana     _      Feb. -Mar. 
F.  dipetala     California     Apr.-May. 
F.  excelsior              ..do   

F.  nigra          .  May-June.. 
F.  ornus        Northeast    do   

United  States. 
F.  pennsylvanica      Mar. -May 
F.  profunda        _.  Apr.-May 
F .  quadrangulata          ..  Mar.-Apr. 
F.uhdei        Hawaii      Mar.-May 
F.  velutina       ...           Mar.-Apr. 

Dioecious   
  ...do   
Perfect   
Polygamous 

do. -do.. 

Oct.-Nov.       ..     Sept.-Dec.    19,  31 
Aug.-Oct          23 
July-Sept        16,  17 
Aug.-Sept.  winter — early  31 

spring. 
June-Sept.       July-Oct    9,  19,  2!> 
         20 

Dioecious. 
do 

Perfect     . 
Dioecious 
  do.    . 

Sept.-Oct.        Oct.-spring  35 
do       Oct.-Dec    H,  33 

June-Oct.        19 
July-Sept     July-Sept    5,  27 
Sept     -.    13 
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F.  americana 
white  ash 

F.  Carolinians 
Carolina  ash 

F.  dipetala 
two-petal  ash 

F.  latifolia 

Oregon  ash 

F.  nigra 
black  ash 

F.  pennsylvanica 

green  ash 
^-"■"'Tlayiii, 

F.  profunda 
pumpkin  ash 

F.  texensis 
Texas  ash 

F.  uhder 
tropical  ash 

Figure  2. — Fraxivus:  single  samaras,  1    X. 

F.  velutina 
velvet  ash 

Table  3. — Fraxiniis:  height,  seed-hearing  age,  and  seed  crop  frequency 

Height 
Species  at 

maturity 

Feet 
americana    70-80 
caroliniana    20-40 
dipetala    5-20 
excelsior        95-125 
nigra    40-80 
ornus    20-65 
pennsylvanica        70  + 
profunda       120 
quadrangulata      13-30 
ukdei         _._.  120 
velutina    50 

^  Cultivated  for  many  centuries  (20). 

Year  of 
first 

cultivation 

Minimum Interval 

seed- 

betweeen 
Data bearing 

large  seed source 
age 

crops 

Years 
Years 

1724 

20 

3-5 19,31 

23 

17 

C) 

15 

1-2 10,20,31 
1800 19,20 

before  1700 20 

20 

1824 1 31,33,35 
10 26,33 1823 25 3-4 

6,21,31 1900 

15 

1 5,27 
1900 .,_- 33 

F. 
F. 
F. 
F. 
F. 
\F. 
\F. 

i^- F. 

\f. 
F. 

413 



F  RAX  IN  us 

rl  5  m  m 

^0 

Figure  3. — Fraxinus  pennsylvanica,  green  ash:  longi- 
tudinal section  through  the  embryo  of  a  samara, 

2  X. 

Figure  4. — Fraxinus  nigra,  black  ash:  seedling  develop- 
ment at  1,  2,  8,  and  14  days  after  germination.  . 

species  were  stored  in  sealed  containers  at  41°  F. 
with  seed  moisture  content  from  7  to  10  percent 
{2).  Similar  conditions  have  proved  successful 
for  F.  ormis  (11)  and  F.  uhdei  {27). 

Pregermination  treatments. — Most  species  of 
ash  exhibit  dormancy  that  is  apparently  due  to 
both  internal  factors  and  to  seedcoat  effects. 
F.  excelsior  and  F.  nigra  have  immature  em- 

bryos that  must  grow  during  afterripening  for 
good  germination  (18,  34).  Degree  of  dormancy 
also  seems  related  to  seed  age;  older  seeds  ap- 

pear more  dormant  than  freshly  collected  ones 
(31).  The  epigeal  germination  (fig.  4)  may 
occur  the  spring  following  seedfall,  or  seeds 
may  lie  dormant  in  the  litter  for  several  years 
before  germinating  (31).  The  most  successful 
pretreatments  are  combinations  of  warm  and 
then  cold  stratification  (table  5).  These  treat- 

ments are  necessary  for  spring  sowing. 
Germination  tests. — Testing  recommenda- 

tions for  Fraxinus  by  ISTA  (12)  and  AOSA  (1) 
call  for  56-  or  60-day  tests  with  stratified  seeds 

Table  4. — Fraxinus:  cleaned  seeds  per  pound  and  other  yield  data 

Species 
Place  of 

colllection 

Seeds 

per  100 
pounds of  fruit 

Cleaned  seeds  per  pound 
Seeds  per 
bushel 
of  fruit 

Range 
Average   Samples 

Seed 

mois- 

ture content 

Data 

source 

F.  americana^^. 

F.  caroliniana 
F.  dipetala. 
F.  excelsior   

F.  nigra   
F.  pennsylvanica 

F.  profunda   
F.  quadrangulata 
F.  uhdei     -. 
F.  velutina   

Midwest   
Mississippi   
Arkansas   
California   
Europe       
United  States 
Lake  States   
Midwest, 

Lake  States. 

Arkansas- Mississippi. 
Mississippi   

Pounds       Pounds 

'  12.4 
^  12.5 

75 
61-80 75 

61-80 

14 

^7.2 

Nuynber 

5,540-18,185 
5,712-11,288 

5,000-  8,800 
4,750-  7,000 
4,000-  7,000 
6,100-  9,500 

11,000-24,600 

Number   Number  Percent 

13,120 

8,470 

5,744 

5,900 

8,100 
17,260 

15,900-35,630         20,950 

Hawaii 

3,100-  3,300 
5,900-  7,000 

15,500-17,500 
13,000-28,000 

3,200 16,500 
20,600 

7 
2 
1 

3  + 

10  + 

4 

51 

5 

2  + 

10 
6 

11 

13 

7-8 

10 

30,31 

3,15 
3 

16,  31 
10,28 
31 
22,  31 

8,  31 
3,  15,23,. 

15 

22,31 

27 

31 
Number  of  seeds  per  bushel:  Midwest — 139,000  {31);  Mississippi — 115,060  (-?). 
Number  of  seeds  per  bushel:  Arkansas-Mississippi — 146,800  (3). 
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on  blotter  paper  or  in  sand  with  diurnally  alter- 

nating temperatures  of  86^  and  68'  F.  in  the 
dark.  Representative  results  of  tests  with  stra- 

tified seeds  under  or  near  these  conditions  are 
given  in  table  6.  Additional  tests  are  desirable 
for  some  of  the  species.  Viability  testing  on 
Fraxinus  species  is  also  possible  with  excised 
embryo  (/,  4)  and  tetrazolium  staining  methods 
{12). 
Nursery  practice. — Ash  seeds  may  be  sown  in 

the  fall  without  stratification,  especially  in  the 
northern  part  of  the  United  States.  Seeds  should 
be  planted  as  soon  as  collected,  hopefully  before 
October  15,  and  never  after  November  1  (7). 
Fall  sowing  of  F.  excelsior  and  F.  ornus  is  said 
to  be  essential  in  Europe  if  good  germination  is 
to  be  obtained  the  following  spring  (2Ii.).  Fall- 

sown  beds  should  te  mulched  with  burlap  or 
straw,  and  the  mulch  removed  as  soon  as  germi- 

nation starts  in  the  spring  {31 ).  In  spring,  stra- 
tified seeds  should  be  sown.  Seeds  of  most  species 

should  be  drilled  in  rows  6  to  12  inches  apart  at 
a  rate  of  25  to  30  seeds  per  linear  foot  {31),  or 
should  be  broadcast  to  achieve  a  bed  density  of 
10  to  15  seedlings  per  square  foot  {29).  Twenty 

to  30  seedlings  per  square  foot  ai'e  recommended 
for  F.  uhdei  {27).  Seeds  should  be  covered  with 
'4  to  %  inch  of  soil.  Shading  of  the  beds  for  a 
short  time  after  germination  may  be  desirable 
(31).  Some  Fraxinus  species  are  subject  to 
severe  defoliation  by  Marsonia  fraxini,  espe- 

cially in  northern  nurseries.  The  fungus  can  be 
controlled  by  sprays  of  Bordeaux  mixture 
(4-6-50)  at  2-week  intervals,  or  with  a  2-per- 

Species 

Table  5. — Fraximis:  stratification  treatments  to  promote  germination 

Medium 
Warm  period Cold  period 

Data 

Temperature Duration Temperature Duration source 

"F. 

Days 

"F. 

Days 

68-86 30 

41 

60 31 
37 60 3 

36-^0 

90 

16 

cool  ̂ 

480-540 10 
68 60-90 41 60-90 31 

68-86 

60 

41 

90 
31 

warm'' 

30 

cold  = 

90 

U 
68 60 

32-41 

210 
12 

35 

'  60-150 

3,   7 40 60 H 
68-86 

60 

41 90 31 
0 0 27 

36-40 90 16 

aviericana      sand           

caroliniana      plastic  bag '-.  .. 
dipetala       sand,  peat    
excelsior     —    sand"    

sand,  peat   
nigra     ...     sand      
ornus     soil   
pennsylvanica     ..    moist  substrate. 

plastic  bag '   profunda      moist  paper   
quadrangulata         sand    
uhdei            ..     
velutina     ..  sand,  soil      

^  Naked  stratification  in  plastic  bags. 
■  In  outdoor  pits. 
■'  Exact  temperatures  not  given. 
*  Two  or  3  months  is  enough  in  the  South  {3),  but  5  months  is  needed  in  the  North   (7).  The  warm  period  is  help- 

ful, but  not  essential  for  southern  sources  (,?). 

Table  6. — Fraxinus:  germination  test  conditions  and  restdts  on  stratified  seed 

Germinati on  test  conditions Germinative 
energy 

Germinative 
capacity 

Species 
Daily 

light 

period 

Medium 
Temperature 

Dura- 
tion 

Data 

Amount Period Average  Samples 
soui'ce 

Day 

Night 

F.  americana 
F.  caroliniana     . 
F.  dipetala. 

Hours 

8 

8 

(') 

8 

sand 
Kimpak 

86 

86 

86 

86 
85 

86 
86 
86 

"F. 

68 
68 

68 

68 
60 
68 68 

68 

Days 

24-40 

60 

40 

30-34 
45 
56 
40 

Percent 
49 

54 
7 

70 
32 
43 

66 

Days 

24 
14 

18 

20 

20 
40 
21 

Percent 

54 

61 
71 
61 
20 
49 

76 

48 
44 
69 

33 

Number 
3 
3 
2 
4 
6 
3 
6 
1 
1 
4 
5 

30 

3 

16,30 F.  excelsior   
F.  nigra   
F.  ornus   
F.  pennsylvanica 
F.  profunda     . 
F.  quadrangulata 
F.  uhdei 

10,28,30 
sand   
soil   . 

paper   soil   
sand   
Kimpak 
sand 

30 
2J, 

30,  32 

15 
30 

32 

F.  velutina   31 

'  Natural  daylength  in  a  greenhouse. 
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cent  solution  of  lime  sulfur  (31).  The  normal 
outplanting:  age  for  North  American  ashes  is 
1-0,  or  in  some  cases  2-0.  F.  excelsior  stock  is 
ordinarily  outplanted  as  1-1  or  2-0. 
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F  REM  ON  TODENDRON 

Sterculiaceae — Sterculia  family 

FREMONTODENDRON  Gov. 

by  Eamor  C.  Nord  ' 

Fremontia 

Growth  habit,  occurrence,  and  use. — The  fre- 
montias  are  handsome  arborescent  shrubs  or 
small  trees  with  brilliant  flowers  that  make 
them  desirable  for  environmental  planting. 
They  are  draught  resistant  and  have  survived 
well  when  planted  in  brushfolds  {3,  5)  for 
watershed  protection.  A  great  number  of 
sprouts  develop  from  the  root  crowns  following 
fire  and,  for  a  few  years  thereafter,  these 
sprouts  provide  palatable  and  nutritious  browse 
for  domestic  livestock  and  deer  (11).  Three 
species  are  considered  here  (table  1).  A  selected 
individual  from  the  F,  progeny  of  the  cross. 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

F.  mexicannum  X  F.  calif ornicum  has  been 
propagated  from  cuttings.  These  propagules, 
California  glory,  have  performed  well  in  en- 

vironmental plantings  in  California  {6). 
Flowering  and  fruiting. — Flowering  first  oc- 

curs during  the  second  growing  season  follow- 
ing germination.  The  perfect  flowers  bloom  from 

April  to  July  and  fruit  ripening  generally  occurs 
between  July  and  September  (table  2).  The 
fruit  is  a  dense,  woolly  or  quite  bristly,  4-  to 
5-celled,  egg-shaped  capsule  containing  numer- 

ous reddish  brown  seeds  (figs.  1  and  2).  When 
fully  ripened,  the  capsule  splits  open  at  the  tip 
and  the  seeds  are  cast  from  the  plant  when 
shaken  by  wind,  hail,  or  animal  disturbances. 

r5r 

LO 

Figure  1. — Fremontodcndrox.  mexicanum,  Mexican  fre- 
montia:  seed,  8  X. 

Figure    2. — Fre montodcndron    californicuvi,    California 
fremontia:  longitudinal  section  through  a  seed,  10  X. 

Table  i. — Fremontodendron:  nomenclature  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common 
names Occurrence Uses 

F.  calif  ornicum  (Torr.)  Gov.       _     California  fremontia. 
Fremontia  calif ornica  Torr. California  slippery-elm, 

flannelbush. 

F.  calif oruicutn  ssp.  decittnbens    
(R.  M.  Lloyd)  Munz. 

Fremontia  decunibens  R.  M. 
Lloyd. 

F.  mexicanum  Davidson         Mexican  fremontia, 
Fremontia  mexicana  (Davidson)         San  Diego  fremontia. 

Macbr. 

Mountains  of  central  Arizona  and  E,  H,  W 
northern  to  southern  California. 

One  site  in  El  Dorado  Co.,  E,  H,  W 
California. 

San  Diego  Co.,  California,  and  Baja  E,  H,  W 
California. 

H :  habitat  or  food  for  wildlife,  W :  watershed,  E :  environmental  forestry. 
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Table  2. — Fremontodeyidron:  phenology  of 
flotvering  and  fruiting 

Species Flowering     .^^"3*        .Seeed 
dates       ripening    dispersal dates  dates 

Data 
source 

F.  calif ornicum       May- July. 

F.  decumbens     -         do   
F.  mexicanum    April- 

June. 

Aug.-  Sept.-            7 
Sept.  Oct. 
do     -  do 

July-  Aug.-            7 
Aug.  Sept. 

Collection,  extraction,  and  storage. — Seed  of 
F.  mexicanum  can  be  collected  easily  from 
plants  in  parks  or  along  landscaped  roadsides. 
In  these  situations,  seed  production  per  plant  is 
greater  and  seed  quality  is  better  than  in  na- 

tural stands.  In  contrast,  F.  californicmn  seed 
production  is  limited  almost  entirely  to  natural 
stands  in  remote  locations.  Seed  collection  of 
this  species  is  difficult  because  the  capsules  are 
covered  with  dense  bristles.  Gloves  and  other 
protective  clothing  are  recommended  for  per- 

sons handling  these  capsules  to  prevent  the 
painful  skin  irritation  and  swelling  that  occurs 
after  direct  contact  with  the  bristles  (2). 

The  best  time  to  collect  fremontia  seed  is 
when  the  first  capsules  begin  to  split  open,  even 
though  some  of  the  fruit  is  not  fully  ripened. 
Under  natural  conditions,  seeds  are  retained  in 
the  capsules  for  about  a  month  after  ripening. 
Capsules  are  either  hand  picked  or  flailed  off 
the  plants  and  picked  up  from  the  ground  into 
containers.  Capsules  that  do  not  open  soon  after 
collection  should  be  soaked  in  water  for  a  few 
minutes  and  then  dried  before  seed  extraction. 
Capsules  are  shredded  in  a  thresher,  hammer 
mill,  or  other  scarifying  equipment  and  seeds 
are  separated  by  fanning  and  screening. 

Seed  of  F.  califorvicnm  and  F.  mexicanum 
have  been  stored  almost  2  years  in  sealed  con- 

tainers at  41°  F.  with  no  loss  in  viability  {10). 
Numbers  of  cleaned  seeds  per  pound  are  listed 
in  table  3. 

Pregermination  treatments. — Fremontia  seed 
must  be  preconditioned  to  germinate  readily. 
Dormancy  may  be  caused  by  an  inhibitor  in  the 
seed   coat   and   by   embryo   dormancy    {3,   7). 

Soaking  the  seed  in  hot  water  followed  by  cold 
stratification  has  been  effective  in  breaking 
dormancy  (7, 10).  Complete  germination  of  both 
F.  calif  or  niciiin  and  F.  mexicanum  seed  was  ob- 

tained after  seed  was  soaked  1  to  5  minutes  in 
hot  water  and  subsequently  stratified  12  to  16 
weeks  at  35°  F.  {10).  Another  treatment  is  to 
immerse  the  seeds  in  water  heated  to  180°  F. and  allow  them  to  soak  for  24  hours  while  the 
water  cools  to  room  temperature  {U). 

Dormancy  in  seeds  of  Salvia  sonornensis  and 
of  several  Ceanothus  species  has  been  broken 
by  treatment  with  gibberellic  acid  or  thiourea 
{1,  9).  Neither  of  these  chemicals  has  yet  been 
tested  on  seeds  of  Fremontodendron ,  which  have 
similar  dormancy  characteristics. 

Germination  tests. — Germination  tests  of 
stratified  seed  can  be  made  in  petri  dishes,  ger- 

mination chambers,  or  in  sand-soil  mixtures  in 
a  greenhouse.  Temperatures  alternating  diur- 
nally  from  about  60°  to  about  80°  F.  for  40  to 
60  days  have  been  satisfactory.  Under  these  con- 

ditions germination  capacities  of  one  sample 
each  of  stratified  seed  of  F.  calif  ornicum  and 
F.  mexicanum  were  50  and  55  percent  {12). 

Field  practice. — Fremontias  have  been  used 
for  revegetation  of  California  brushfields  by 
direct  seeding.  For  this  purpose,  seed  should  be 
treated  by  soaking  for  a  few  minutes  in  hot 
water,  especially  if  sown  in  the  fall  where  soil 
moisture  is  limited  or  temperature  is  too  high  to 
break  dormancy.  For  spring  sowing,  the  soaked 
seed  should  be  stratified  at  41°  F.  for  2  to  3 
months  prior  to  sowing. 

Areas  to  be  seeded  should  be  free  of  compe- 
tition from  other  plants.  Wherever  possible,  seed 

should  be  planted  about  ̂ A  to  1  inch  deep  on  a 
firm  seedbed.  In  special  situations,  however, 
broadcast  seeding  followed  by  a  light  mulch  may 
be  effective  {8). 

Spot  sowing  of  F.  caUfornicum  seed  near 
Davis,  California,  gave  34  percent  emergence 
with  100  percent  stocking  and  80  percent  sur- 

vival after  one  year.  Plant  size  averaged  over 
4  feet  tall  and  almost  5  feet  across  the  foliar 
crown  bv  the  end  of  the  first  growing  season. 
Spot  and  range-drill  seedings  of  F.  californicmn 
were  superior  in  terms  of  emergence,  survival, 
and  growth  as  compared  to  hydroseeding  (5). 

Table  3. — Fremontodendron:  cleaned  seeds  per  pound  and  other  yield  data 

Species 
Cleaned  seeds  per  pound 

Range Average         Samples Purity       Soundness      Data  source 

F.  caUfornicum. 
F.  mexicanum 

Number 

15,000-25,000 
27,000-30,000 

Number 

19,000 

Number 
3 
2 

Percent 
57 

93 

Percen t 

53 

100 
3,  12 
10,  12 
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Hydroseedings  would  have  required  10  times  or 
more  seed  for  a  given  area  to  obtain  similar 
numbers  of  plants  as  spot  seedings.  Similar  field 
seedings  of  F.  calif ornicum  ssp.  decumheMS  and 
F.  mexicamtm  failed  under  all  conditions  tested. 

All  fremontia  species  can  be  propagated  from 
stem  cuttings  as  well  as  from  seed.  Cuttings 
should  be  made  in  the  late  summer  and  then 
grown  under  light  for  18  hours  per  day  during 
the  winter.  Seedlings  and  rooted  cuttings  alike 
respond  favorably  to  this  long-day  exposure 
during  winter  months.  About  three  times  more 
growth  occurs  under  long  days  than  under  na- 

tural day  length  {6).  Rooted  cuttings  are  best 
planted  in  propagating  tubes.  Where  moisture 
is  limited  and  watering  is  not  feasible,  the  mini- 

mum recommended  tube  size  is  about  21/2  to 
3-inch  diameter  x  8-  to  12-inch  length  with 
bottom  opened  at  time  of  planting  so  roots  may 
readily  grow  into  the  soil  below  (8). 

Literature  and  Other  Data 
Sources  Cited 
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Garryaceae — Garrya  family 

GARRY  A  Dougl.  Silktassel 

by  Hudson  G.  Reynolds  ̂   and  Robert  R.  Alexander  ^ 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Garnja  consists  of  four  species  native  to 

North  America,  but  data  are  available  on  only 
three  (table  1).  These  medium-  to  large-sized 
(6  to  12  feet)  many-branched,  evergreen  shrubs 
grow  in  the  lower  mountains  of  Washington  to 
California,  Nevada  and  Utah  to  Arizona,  New 
Mexico,  and  western  Texas.  Leaves  of  some 
species  contain  a  bitter  alkaloid,  garryin,  of 
some  medicinal  value.  Plants  are  browsed  by 
domestic  livestock,  deer,  and  bighorn  sheep. 
Introduced  into  cultivation  between  1842  and 
1902,  silktassels  have  been  planted  as  orna- 

mentals and  occasionally  used  for  erosion  con- 
trol (i,  8). 

Flowering  and  fruiting. — Flowers  are  dioec- 
ious. Both  appear  in  axillary  or  terminal  catkin- 
like racemes  from  January  through  May.  The 

fruit  is  a  globose  to  ovoid,  rather  dry,  1-  or 
2-seeded  berry  (figs.  1,  2,  and  3)  that  ripens  to  a 

dark    purple    from    June    through    December 
(table  2)  . 

Collection  of  fruits. — Ripe  fruits  may  be 
gathered  by  stripping  them  from  the  branches 
onto  canvas,  or  handpicking  them  from  the 
bushes.  Since  the  fruits  may  be  infested  with 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. Figure  2. — Garrya  ivrightii,  Wright  silktassel:   berry 
and  seed  4  X. 

Figure   1. — Garrya  frcmontii,   Fremont  silktassel:    A, 
berry  and  B,  seed,  4   x. 

•0 

Figure  3. — Garrya  fremonti,  Fremont  silktassel:  longi- 
tudinal section  through  a  seed,  6   X. 

Table  1. — Garrya:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names Common 
names Occurrence Uses 

Data  compilers 
for  the  species 

H,  W,  E        H.  G.  Reynolds. 

C.  T.  Dyrness. 

G,  flavesceiis  S.  Wats.  yellowleaf  silktassel       Pacific  States  and  southern 
Rocky  Mountains. 

G.  fremoiitii  Torr    Fremont  silktassel,  Washington,  Oregon,  California        H,  W,  E 
skunkbush, 

squawbush. 
G.  ivrightii  Torr.          Wright  silktassel,  Arizona,  New  Mexico          H,  E  H.W.Springfield. 

quinine-bush, 
coff'eeberry-bush. 

'  H :  habitat  or  food  for  wildlife,  W :  watershed,  E :  environmental  forestry. 
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Table  2. — Garrya:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 
dates 

Data 

source 

G.  flavescens 
G.  fremontii  - 
G.  wrightii..... 

Arizona      Apr-May    July-Aug. 
Washington        Jan.-May        Aug.-Dec.  - 
Arizona     _  _         Mar.-Aug.         Aug.-Sept. 

10 
8 
2 

Table  3. — Garrya:  cleaned  seeds  per  pound 

Species Place  of  collection 
Range Average 

G.  flavescens 
G.  fremontii.. 
G.  wrightii... 

Samples        Data  source 

Niimher  Number  Number 

Three-Bar,  Arizona    25,130                      1  1 
Sierra  City,  Calif              26,000-33,000  29,500                      2  3,  5 
Arizona               17,500-25,500  22,630                     3  7 

insect  larvae,  care  must  be  taken  to  collect  only 
sound  fruits  (S). 

Extraction  and  storage  of  seed. — After  twigs, 
leaves,  and  other  debris  have  been  sifted  out, 
fruits  are  run  through  a  macerator  and  the  pulp 
and  empty  seeds  floated  off  or  screened  out. 
Seeds  may  also  be  extracted  by  rubbing  the 
fruits  over  a  fine-mesh  screen  and  floating  off 
the  pulp  and  empty  seeds  in  water  (8).  One 
hundred  pounds  of  dry  G.  fremontii  berries 
yield  about  50  pounds  of  cleaned  seeds.  (5).  The 
number  of  cleaned  seeds  per  pound  is  shown  in 
table  3  Soundness  appears  relatively  high — 85 
to  99  percent  (5,  6).  Storage  methods  suit- 

able for  most  shrub  species  should  also  apply  to 
the  silktassels. 

Pregermination  treatments. — Seeds  of  G. 
flavescens  and  G.  fremontii  will  not  germinate 
without  pretreatment  because  of  embryo  dor- 

mancy (1,  3,  8).  Some  seeds  of  G.  wrightii  ex- 
hibit embryo  dormancy,  while  others  germinate 

well  without  pretreatment  (1,  6,  7).  Because  of 
this  variability,  seeds  of  G.  wrightii  should  be 
pretreated  before  testing  or  sowing.  Pretreat- 
ments  recommended  include  low-temperature 

(36-41"  F.)  stratification  in  moist  sand,  vermic- 
ulite,  or  sphagnum  moss  for  30  to  120  days 
(1,  3,  6,  7),  and  soaking  for  17  hours  at  room 
temperature  in  a  100  p. p.m.  solution  of  gib- 
berellin  (1).  Germination  of  G.  fremontii  was 
improved  by  stratification  in  moist  sand  for  90 
days  at  greenhouse  temperatures  followed  by 

90  days  at  41"  F.  {8). 
Germination  tests. — Germination  tests  on 

pretreated  seeds  have  been  run  in  sand,  vermic- 
ulite,  Kimpak,  and  sphagnum  moss  under  light 
for  30  to  60  days.  At  temperatures  alternating 

diurnally  from  77°  to  57°  F.  {6)  or  from  86°  to 
68"'  F.  (7),  seeds  of  G.  wrightii  had  germination 
capacities  of  47  to  86  percent.  Seeds  of  G.  flaves- 

cens germinated  best  at  temperatures  between 

50"  and  60"  F;  germination  was  poor  at  tem- 
peratures of  74  to  80"  F.  (1).  Low-temperature 

stratification  alone  does  not  always  result  in 

satisfactory  germination  of  G.  fremontii  (8). 
Nursery  practice. — Seeds  of  G.  wrightii 

should  be  sown  in  the  late  winter  after  90  days 
of  stratification  in  moist  sand.  Sufficient  viable 

seeds  should  be  sown  to  produce  about  10  seed- 
lings per  square  foot.  They  should  be  covered 

with  about  V2  inch  of  soil  and  a  light  mat  mulch. 
Seedlings  are  ready  for  outplanting  at  age  2 
years  (.9).  G.  fremontii  can  be  propagated  by 

cuttings  planted  on  well-drained  soils  in  pro- 
tected but  sunny  locations  (8). 
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Ericaceae — Heath  family 

GAULTHERIA  L.  Wintergreen 

by  Edward  J.  Dimock  11,1  William  F.  Johnston,-  and  William  I,  Stein  ̂  

Growth  habit,  occurrence,  and  use. — Of  the 
approximately  100  {1,  If)  to  150  {11)  species  of 
Gaultheria  found  mostly  in  Asia,  Australia,  and 
South  America,  only  six  species  (G.  hispidula, 
G.  humifusa,  G.  miqueliana,  G.  ovatifolia,  G. 
'procumhens,  and  G.  shallon) occur  in  North 
America  north  of  Mexico  (^,  29).  The  three 
species  considered  here  (table  1)  are  evergreen 
with  growth  habits  either  prostrate  and  creep- 

ing— G.  hispidula  and  G.  procumbens  (7,  12) — 
or  erect  to  7  feet  tall — G.  shallon  (i). Though 
all  are  shrubs,  only  G.  shallon  has  a  distinctly 
woody  stem.  Both  G.  hispidula  and  G.  procum- 

bens have  been  described  as  semiherbaceous  or 
almost  herbaceous  (21).  All  three  species  attain 
best  development  under  moist,  acid  conditions 
and  light  to  moderate  shading. 

Outside  North  America,  Gaultheria  has  been 
found  to  hybridize  naturally  with  Pernettya, 
and  an  artificial  hybrid  between  G.  shallon  and 
P.  mucronata  has  been  produced  in  England 
(8,  20). 

Both  G.  hispidula  and  G.  procumbens  are  low 
cover  species  valued  for  wildlife  habitat  and 
ornamental   use    (11,   25,   28).   Ruffed   grouse, 

Pacific  Northwest  Forest  &  Range  Exp.  Stn. 
North  Central  Forest  Exp.  Stn. 

spruce  grouse,  and  Swainson's  thrush  feed  on G.  hispidula  (28).  Grouse,  bobwhite,  turkey, 
pheasant,  black  bear,  white-tailed  deer,  and 
other  animals  are  known  to  feed  on  fruits  or 
leaves  of  G.  procumbens ;  it  is  a  favorite  food  of 
eastern  chipmunk  (15,  28).  Leaves  of  this  spe- 

cies contain  oil  of  wintergreen  which  has  been 
extracted  for  pharmaceutical  use,  and  the  edible 
fruits  are  sometimes  marketed  (25).  Within  the 
plant  communities  in  which  they  grow,  G.  pro- 

cumbens and  G.  hispidula  occupy  a  far  less 
prominent  niche,  however,  than  their  west  coast 
relative,  G.  shallon. 
Common  to  the  point  of  invasiveness,  salal 

is  a  dominant  shrub  that  lends  watershed  pro- 
tection wherever  it  thrives.  It  is  recommended 

for  coastal  sand  dune  stabilization  in  the  North- 
west (3).  Wild  plants  bear  glossy,  evergreen 

foliage  that  is  highly  prized  nationwide  by  the 

floral  industry  and  marketed  as  "lemon  leaf" 
in  the  eastern  United  States  (6,  23).  A  hand- 

some ornamental,  G.  shallon  responds  well  to 
cultivation  both  domestically  and  abroad  (20) ; 
wild  transplants  are  a  commercial  product  (6). 
Moreover,  its  leaves  and  fruits  are  dietary 
staples  for  several  game  birds  including  three 
species  of  grouse  (blue,  ruffed,  spruce)  and 
band-tailed  pigeons  (5,  15,  28).  Mammals  that 

Table  1. — Gatdtheria:  nomenclature,  occurrence,  and  tises 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses' 

.hispidula  (L.)  Bigel   
Chiogenes  hispidula  (L.) 

Torr.  and  Gray. 
Chiogenes  serpylUfolia 

Salisb. 
Vaccinium  hispidulum  L. 

.  procumbens  L.          

G.  shallon  Pursh. 

creeping  snowberry, 
creeping  pearlberry, 
moxieplum. 

checkerberry 
wintergreen, 
checkerberry, 
teaberry,  aromatic 
wintergreen. 

salal   .,               

Labrador  to  British  Columbia;  south  to  New- 
foundland, Nova  Scotia,  and  Pennsylvania; 

upland  to  North  Carolina,  Michigan,  Wiscon- 
sin,  Minnesota,  and   Idaho. 

H,E 

Newfoundland   to   Manitoba;    south   to   Georgia,     H,  E 
Alabama,   and   Minnesota. 

Pacific  coast  from  southern  Alaska  to  southern 
California  inland  into  the  Cascades  and  Sierra 
Nevadas. 

H,  W,  E 

'  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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Figure  1. — Gaiiltheria  skallon,  salal:  racemes  of  pink- 
ish-white flowers,  1  X. 

use  leaves  or  fruit  include  black  bear,  black- 
tailed  deer,  elk,  Douglas'  squirrel,  and  mountain 
beaver  (15,  16,  28).  In  western  Washington, 
salal  fruit  was  eaten  either  fresh  or  dry  by 
several  Indian  tribes ;  leaves  were  smoked  with 
kinnikinnick  {Arctnstaphylos  uva-nrsi)  and 
used  in  various  medicinal  preparations  {9).  The 
fruit  can  also  be  used  for  jelly  (5). 

Flowering  and  fruiting. — The  bisexual  white 
to  pinkish  flowers  are  borne  either  solitary  and 
axillary,  or  in  axillary  or  terminal  racemes 
(fig.  1).  Stamens  number  either  eight  (G.  his- 
pidida)  or  10  (G.  procumbens,  G.  skallon),  and 
ovaries  are  either  4-  or  5-celled  with  many 
ovules  (1,  11,  20).  Flowering  dates  range  from 
early  spring  to  late  summer  (table  2).  The  fruit 
is  a  many-seeded  capsule  surrounded  by  a  per- 

sistent, thickened  and  pulpy  calyx  that  forms 

Figure  2. — Gaiiltheria  shallon,  salal:   a  ripe  purplish- 
black,  somewhat  fuzzy  fruit,  3  X. 

a  fleshy  pseudoberry  {11)  (fig.  2).  The  distinctly 
colored  fruits  of  the  three  species  range  from 
3  to  10  millimeters  in  diameter  (table  3).  Birds 
and  mammals  are  thought  to  be  the  chief  agents 
in  seed  dispersal.  Good  seed  crops  are  frequent. 

Collection  of  fruits. — Fruits  of  Gaultheria 
are  sufficiently  persistent  after  ripening  to  per- 

mit collection  over  an  extended  period  (table 
2).  Depending  upon  species,  they  may  be 
combed,  stripped,  or  picked  individually  from 
the  plant.  Refrigeration  at  temperatures  just 
above  freezing  minimizes  molding  if  fruits 
must  be  stored  before  processing.  The  number 
of  dried  fruits  per  pound  for  G.  procumbens 
has  been  estimated  at  2,800  (27)  to  3,000  (25). 

Table  2. — Gaultheria:  phenology  of  flowering  and  fruiting 

Species Location Flowering  dates Fruit  ripening  dates Data  source 

G.  hispidula        April-August  August-September        7,20,28 
Upper  midwest  May-June  12,21,22 

G.  procumbens       May-September  August-June'  7,20,28 
Upper  midwest  June-August  September-following  summer  '  i,  12,21,  22 

G.  shallon  ̂ ^     March-July  August-October'  10,  11,  U,  18, 20 

'Actual  ripening  date  uncertain;  fruit  of  this  species  is    notably    persistent   and    reportedly    increases    slightly in  size  during  winter   (25,  28). 

"Ripe  or  dried  fruits  available  from  July  to  December  (28)  or  longer. 
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Table  3. — Gaultheria:  year  of  first  cultivation  and  color  and  size  or  ripe  fruit 

Species 
Year  of  first 
cultivation 

Color  of  ripe 
fruit 

G.  hispidula    1880 
G.  procumbens-      1762 
G.shallon        1826 

Fruit 
size Data  source 

Millimeters 
Bright  white    3-5  7,  11,20 
Scarlet    8-10  7, 20 
Dark  purple  to  bluish  black    6-10  1,5,11,20 

rlr 

\ 

Figure  3. — Gaultheria  shallon,  salal:  seeds,  20   X. 

•-0 

Fruits  of  G.  shallon  (color  plate)  averaged  8.5 
per  cluster  and  contained  126  seeds  each  (23). 

Extraction  and  storage  of  seeds. — Either  dry 
or  wet  seed  extraction  is  possible.  Fruits  of  G. 
procumhens  can  be  dried  until  they  are  brittle 
and  powdery,  then  rubbed  through  a  30-niesh 
screen  to  separate  seeds  from  pulp  (25).  Mac- 

eration of  fresh  fruit  followed  by  repeated 
washings  to  separate  seed  and  pulp  is  effective 
with  G.  shallon  (5).  The  yield  of  seed  per  unit 
weight  of  fresh  fruit  has  been  rather  low  with 
the  methods  because  the  seeds  are  extremely 
small  (table  4,  figs.  3  and  4). 

Cool,  dry  storage  maintains  Gaultheria  seed 
viability  for  at  least  moderate  periods.  Seeds 

of  G.  procumhens  stored  for  2  years  at  41'^  F. 
in  sealed  bottles  gave  16-percent  germination 
{25).  G.  shallon  seed  declined  in  germinative 
capacity  from  31  to  21  percent  after  1  year  in 

Figure  4. — Gaultheria  procumbens,  checkerberi'y  win- 
tergreen:  longitudinal  section  through  a  seed,  50  X. 

storage  at  40°  F.  (23).  Another  lot  germinated 
73  and  27  percent,  respectively,  after  storage 

for  3  years  at  40°  F.  or  room  temperature  (17). 
In  other  instances,  dry  storage  of  cleaned  seed 

in  paper  sacks  at  70°  F.  proved  adequate  to 
preserve  high  viability  for  many  months  (13, 27). 

Pregermination  treatments  and  germination 
tests. — Limited  data  indicate  that  the  species 
of  Gaultheria  differ  in  cold  stratification  re- 

quirements for  seed  germination.  On  seed  of  G. 
hispidula  collected  in  New  Hampshire,  germi- 

nation was  completed  after  98  days  in  a 
greenhouse  when  preceded  by  stratification  at 
outdoor  winter  temperature  for  a  period  of  83 
days;  but  unstratified  seed  did  not  germinate 
(19).  Germination  of  G.  procnmhens  was  sub- 

Table  4. — Gaidtheria:  cleaned  seeds  per  pound  and  other  yield  data 

Species 

Seed  yield 
100  pounds 

fruit 

per of  - 

Cleaned  seeds  per  pound 

Range                       Average Samples 

-       Data  source 

G.  hispichila 

Pounds Number 

3,060,000-3,126,000 
2,870,000-4,840,000 
2,572,000-3,780,000 

Number 

3,093,000 
3,855,000 
3,209,000 

Number 
3 
2 
8 

24- 

G.  procumbens     
G.  shallon      

Z      '        2.3-4.0 

25 
5,13,23,26,27 
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stantially  improved  by  stratification  (2i)  while 
that  of  G.  shallon  was  not  greatly  affected  (13, 
17)  (table  5).  Light  for  8  hours  or  more  per 

day  is  essential  for  germination  {13).  Germi- 
nation is  epigeal   (fig.  5). 

Nursery  practice. — Untreated  seed  of  G.  pro- 
cumbens,  and  perhaps  of  G.  hispidula,  should 
be  sown  in  the  fall,  or  stratified  prior  to  sowing 
in  the  spring  {25).  Stratification  of  G.  shallon 
seed  for  spring  sowing  is  optional.  Surface  sow- 

ing is  recommended  in  either  glass-covered  flats 
followed  by  transplanting ;  or  in  open  beds  under 
tacked  down  loose-weave  cheesecloth  or  muslin 
which  seedlings  penetrate  after  germination 
{13).  Even  without  such  measures,  up  to  73 
percent  germination  has  been  obtained  in  soil- 
filled  flats  {18).  Though  seed  of  G.  shallon  may 
germinate  readily,  techniques  of  caring  for  new 
germinants  are  not  well  known  {13).  Young 
seedlings  are  susceptible  to  late  spring  frost 
(23). 

All  three  species  are  readily  propagated 
vegetatively — from  layers,  suckers,  division  of 
plants,  stem  or  root  cuttings,  stolons,  or  rooting 
at  the  nodes  {3,  8,  23,  25,  28).  In  the  Northwest. 

15  days 

Figure  5. — Gaultheria  shallon,  salal:  seedling  develop- 
ment 2,  8,  15,  and  33  days  after  germination. 

G.  shallon  is  presently  propagated  almost  en- 
tirely by  root  cuttings  {2).  Moist,  acid  condi- 
tions under  partial  shade  are  beneficial  for 

young  plants  of  all  three  species  raised  from 
either  cuttings  or  seed. 

Table  5. — Gaultheria:  stratificatioi  periods,  germination  test  conditions  and  residts 

Cold          Germination  test  conditions        Germinative        Germi- 

SP-i-  So"n  Moist  Temperature         ^^^^   ^J^^^^    ^"^-,^ive    g^^^^,^^    ̂ Date 
period  ̂   medium  Day       Night         tion      Amount    Period         ity 

Days  °F.  °F.  Days  Percent  Days      Percent  Number 

G.  hispidula-               83  Soil        ....  ....  98  ....  .  1  19 
G.  procmnbens     ..                0  Peat      86  68  213  7  59  8  1  ^4 

60  Peat          86  68  56  16  15  16  1  24. 
G.  shallon  \                     0  Paper        86  68  61  28  27  38  6  26 

30-120  Paper    86  68  55  26  37  31  16  26 
0  Sand  or  soil  70  70  28  74  22  76  12  13 

'Stratification  temperature  was  41°   F.  for  G.  procnmbens  and  38°  F.  for  G.  shallon. 
"  An  unknown  number  of  seeds  were  stratified  outdoors   during  the   winter   and   147   of   them   subsequently   were germinated  in  a  greenhouse. 

■■"Light  is  essential  for  germination   (1,3). 
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Ericaceae — Heath  family 

GAYLUSSACIA  BACCATA   (Wangh.) 

Black  huckleberry 

by  F.  T.  Bonner  '  and  Lowell  K.  Halls  i 

K.  Koch 

Synonym. — Gaiihiasacki  resinosa  (Ait.)  Torr. 
and  Gray. 

Other  common  names. — Highbush  huckle- 
berry, black-snap,  huckleberry. 

Growth  habit,  occurrence,  and  use. — Black 
huckleberry  is  a  small  deciduous  shrub  found 
from  Louisiana  east  to  Florida  and  north  to 
Maine,  Iowa,  and  Manitoba.  It  is  upright,  highly 
branched,  and  reaches  heights  of  1  to  4  feet 
at  maturity  {3).  The  berries  are  an  important 
game  food  (2)  and  are  sometimes  eaten  by  man. 
The  shrub  was  cultivated  as  early  as  1772  (1). 

Flowering  and  fruiting. — The  small,  perfect, 
pinkish  flowers  bloom  in  May  to  June  (3).  The 
black,  berrylike,  drupaceous  fruit,  maturing  in 
July  to  Seputember,  is  14  to  %  inch  long.  Each 

'  Southern  Forest  E.xp.  Stn. 

fruit  contains  10  one-seeded,  bone-colored,  nut- 
lets (3)   (figs.  1,  2). 

Collection,  extraction,  and  storage. — Fruits 
may  be  stripped  from  the  bi-anches  by  hand  or 
with  a  blueberry  rake  any  time  after  they 
thoroughly  ripen.  They  often  persist  for  several 
w^eeks.  Seeds  may  be  extracted  by  macerating 
the  berries  in  water  and  allowing  pulp  and 
empty  seeds  to  float  away.  Yield  data  from  four 
samples  are  as  follows  (i)  :  3  pounds  of  cleaned 
seeds  per  100  pounds  of  fruit;  an  average  of 
354,000  cleaned  seeds  per  pound.  Soundness 
less  than  50  percent  has  been  noted  for  some 
samples  (1).  Seed  has  been  stored  in  sealed 
bottles  at  41  F.  for  over  2  years  without  loss 
in  viability   (1). 

Germination. — Untreated  seeds  are  slow  to 
germinate,  but  both  germinative  energy  and 
germinative    capacity    can    be    increased    with 

Imm. 

■^mm 

^^ 

Figure  1. — Gayhissacia  baccata,  black  huckleberry:  ex- 
terior views  of  seed  in  two  planes,  24   X. 

Figure  2. — Gaylussacia  baccata,  black  huckleberry:  lon- 
gitudinal section  through  a  seed,  25  X . 
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stratification.  Samples  of  2-year-old  seed  were 
subjected  first  to  warm  stratification  in  moist 
peat  at  temperatures  alternating  diurnally  from 

68°  to  86°  F.  for  30  days.  Then  the  tempera- 
ture was  lowered  to  50°  F.  and  the  seeds  germi- 

nated. Germination  of  sound  seeds  was  80  per- 
cent after  27  days  at  50°  F.  and  96  percent 

after  47  days  (1).  Germination  is  epigeal  (fig. 
3). 
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Figure  3. — Gaylussacia  baccata,  black  huckleberry: 
seedling  development  at  3  and  9  days  after  germina- 
tion. 
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Ginkgoaceae — Ginkgo  family 

GINKGO  BILOBA  L. 

bv  Robert  R.  Alexander  ^ 

Ginkgo 

Synonym. — Salisbiina  adiantifolia  Sm.    (1). 
Other  common  names. — maidenhair-tree,  Kew- 

tree. 

Growth  habit,  occurrence,  and  use. — Ginkgo 
is  a  monotypic  genus  native  to  China — the  sole 
survivor  of  the  ancient  family  of  Ginkgoaceae 
(1,  4,  16).  This  tall,  deciduous,  sparsely 
branched,  long-lived  tree  has  been  cultivated 
extensively  in  the  Far  East  and  Europe  {1,2, 
16).  Introduced  into  America  in  1784,  it  has 
generally  been  successful  on  good  sites  in  the 
moist  Temperate  Zone  of  the  midwestern  and 
eastern  United  States,  and  along  the  St.  Law- 

rence River  in  Canada  {2,  14).  Ginkgo  is 
chiefly  valuable  as  an  ornamental  and  shade 
tree,  particularly  as  a  park  and  street  tree  (2). 
It  is  highly  resistant  to  air  pollution  and  could 
be  grown  in  areas  within  its  introduced  range, 
where  air  pollution  damages  other  species.  The 
seed  is  used  for  food  by  the  Chinese  (2,  13). 

Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

Flowering  and  fruiting. — The  species  is  dioe- 
cious. The  catkinlike  male  flowers  appear  in  late 

March  or  early  April,  andthe  pistillate  flowers 
appear  later  in  April  before  the  wedge-shaped 
leaves  (15).  A  single  naked  ovule  ripens  into 
a  drupelike  seed  with  an  acrid,  ill-smelling 
fleshy  outer  layer  and  a  thin,  smooth,  cream- 
colored,  horny  inner  layer  (figs.  1  and  2).  The 
fleshy-coated  seeds  are  frequently  designated 
as  fruits.  They  are  cast  in  the  fall  after  the 
first  frost,  but  at  this  time  a  larger  percentage 
of  the  seeds  have  immature  embryos  and  can- 

not be  germinated  under  normal  test  conditions 
(3,  6,  10).  Embryo  development  continues  while 
seeds  on  the  ground  are  exposed  to  tempera- 

tures normally  encountered  during  fall  and 
early  winter.  Embryo  maturation  is  usually 
complete  about  6  to  8  weeks  after  the  seeds 
drop  (11,  12). 

Collection,  extraction,  and  storage. — Ginkgo 
begins  bearing  seed  when  30  to  40  years  old 
(7).  The  fleshy-coated  seeds  may  be  collected 
on  the  ground  as  they  ripen  or  picked  by  hand 
from  standing  trees  from  late  fall  through  early 
winter.  Seeds  may  be  prepared  for  cleaning  by 
storing  them  in  a  warm  place  until  the  fleshy 
layers  become  soft  enough  to  be  washed  off 

-25m 

outer  seedcoat 

stony  seedcoat 

inner  seedcoat 

endosperm 

cotyledons 

hypocotyl 
radicle 

^0 

Figure  1. — Ginkgo  biloba,  ginkgo:  seeds  enclosed  in 
their  fleshly  outer  layers  and  cleaned  seeds  (fleshy 
layers  removed),  1   X. 

Figure  2. — Ginkgo  biloba,  ginkgo:  longitudinal  section 
through  a  seed,  2  X. 
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(17).  One  hundred  pounds  of  seeds  with  fleshy 
layers  yield  about  25  pounds  of  cleaned  seeds 
(18).  Numbers  of  cleaned  seeds  per  pound  vary 
from  a  low  of  180  to  a  high  of  520  (10,  18). 
Cleaned  seeds  have  been  kept  in  ordinary  dry 
storage  in  both  open  and  closed  containers,  at 

41°  to  70°  F.  without  any  apparent  adverse 
effects  (5,  8,  18). 

Germination  tests. — Germination  tests  have 

been  run  in  moist  sand  for  60  days  at  68°  F. 
(night)  to  86°  F.  (day).  Under  these  test  con- 

ditions, the  germinative  capacity  varied  from 
46  percent  for  seed  collected  in  October  to  90 
percent  for  seed  collected  in  December  (10). 
These  results  indicate  that  cold  stratification 
for  30  to  60  days  probably  would  increase  the 
germination  of  seed  collected  before  comple- 

tion of  afterripening.  In  other  tests  with  un- 
treated seed  in  a  soil  medium,  germinative 

capacity  varied  from  32  to  85  percent  (5,  18). 
Nursery  practice. — Seed  should  be  sown  in 

the  late  fall  (November)  preferably  in  furrows 
and  covered  with  2  to  3  inches  of  soil  and  a 
sawdust  mulch  (9,  17).  About  50  percent  of 
the  viable  seed  sown  produce  usable  2-0  seed- 

lings (17).  Ginkgo  is  also  propagated  in  the 
nursery  by  cuttings. 
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Leguminosae — Legume  family 

GLEDITSIA  L. honeylocust 

bv  F.  T.  Bonner,'  J.  D.  Burton,'  and  H.  C.  Grigsby  ' 

Growth  habit  and  uses. — There  are  12  spe- 
cies of  Gleditsia.  Two  North  American  species 

and  their  natural  hybrid  are  considered  here 
(table  1).  All  are  deciduous  trees  that  are  use- 

ful for  timber  production  and  wildlife  food  (2). 
G.  Xtexana  and  G.  triacanthos  have  been 
planted  for  shelterbelts. 

Flowering  and  fruiting. — Gleditsia's  poly- 
gamous flowers  are  borne  in  single  or  densely 

clustered  axillary  racemes.  Those  of  G.  aquatica 
and  G.  triacanthos  are  greenish  in  color,  while 
flowers  of  G.  Xtexana  are  orange-yellow  (5). 
The  fruits  are  pods  (fig.  1)  that  ripen  in 
the  fall  but  often  persist  until  winter.  The 
small,  flat,  brownish  seeds  contain  a  thin,  flat 

'  Southern  Forest  Exp.  Stn. 

embryo  surrounded  by  a  layer  of  horny  endo- 
sperrn  (figs.  2  and  3).  Phenology  of  flowering 
and  fruiting  is  summarized  in  table  2.  Seed- 
bearing  starts  at  about  age  10,  and  good  crops 
are  borne  almost  every  year  (3,  7).  The  fruits 
change  from  green  to  an  orange-brown  or  deep 
reddish-brown  at  maturity  (3,  9). 

Collection  of  fruits. — Pods  may  be  picked 
from  the  trees  after  they  dry  or  from  the 
ground  from  the  time  they  fall  until  they  begin 
to  disintegrate  in  late  winter  or  spring.  Moist 

pods  should  be  spread  for  thorough  drying  be- 
fore extraction. 

Extraction  and  storage. — Dried  pods  may  be 
run  through  a  macerator  or  mechanical 
thresher  to  extract  the  seeds ;  hand  flailing  will 
also  work.  The  Forest  Service  macerator  can 

Table  1. — Gleditsia:  nomenclatm'e,  occurrence,  height  at  maturity,  and  year  of  first  cultivation 

Scientific  names Common 
names 

Occurrence 
Height 

at maturity 

Year  of 
first 

culti- 

vation 

Data 

source 

G.  aqnatirn  Marsh. 

G.  xtexana  Sarg. 

G.  triacanthos  L. 

waterlocust, 
swamp  honeylocust. 

Texas  honeylocust, 
Texas  locust. 

honeylocust, 
common 
honeylocust. 

Coastal  plain  from  North  Carolina 
to  Texas,  north  in  Mississippi 
Valley  to  Missouri,  Illinois,  and 
Indiana. 

Mississippi  to  eastern  Texas, 
north  in  Mississippi  Valley  to 
Arkansas  and  southwestern 
Indiana. 

Western  Pennsylvania  to  south- 
eastern South  Dakota,  south  to 

eastern  Texas  and  northwestern 
Florida.  Widely  planted  and 
naturalized  east  of  Appalachians, 
from  South  Carolina  to  New 

England. 

Feet 

40-60 

130 

70-140 

1723 

1900 

1700 

3,7 

3,  7 

3,7 

Table  2. — Gleditsia:  phenology  of  flowering  and  fruiting 

Snecies  Flowering ^P^"^^  dates 

G.  aquatica    May-June   
G.  xtexana     April-May   
G.  triacanthos   „   ___  May-June   

Fruit  ripening  Seed  dispersal 
dates  dates 

Aug.-Oct.  _       Sept.-Dec   
Aug.-Sept.       Sept.-Dec   
Sept.-Oct.          Sept.-late  winter  _ 

Data source 
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G.  triacanthos 
honeylocust 

G.  aquatica 
waterlocust G.  Xtexana 

Texas  honeylocust 

Figure  1. — Gleditsia:  pods,  Vz  X. 

extract  400  to  600  pounds  of  clean  seed  per  day 
(7).  The  chaff  can  be  removed  by  a  fanning 
mill,  air-screen  cleaner,  or  water  flotation. 

Seed  yield  per  100  pounds  of  G.  triacanthos 
pods  was  20  to  35  pounds  (6).  Purity  was  95 
percent  and  soundness  was  98  percent  (7).  In 
36  seed  samples  of  this  species,  there  was  an 
average  of  2800  seeds  per  pound  covering  a 
range  of  1750  to  4050  seeds  per  pound  (6). 
Seeds  of  G.  xtexana  are  larger  with  1832  seeds 
per  pound  in  one  sample  (4). 

Viability  in  seeds  of  G.  triacanthos  stored  in 
sealed  containers  at  32"  to  45°  F.  was  retained 
for  several  years  (7).  These  conditions  probably 

G.  aquatica waterlocust 

G.  Xtexana 
Texas  honeylocust 

G.  triacanthos 
honeylocust 

Figure  2. — Gleditsia:  seeds,  2  X. 

rlOr 

0 

Figure    3. — Gleditsia    triacanthos,    honeylocust:    longi- 
tudinal section  through  a  seed,  6  X. 

are  suitable  for  storing  seeds  of  other  species 
of  Gleditsia. 

Pregermination  treatments. — The  hard  seed- 
coats  of  Gleditsia  must  be  treated  to  make  them 

permeable  before  germination  can  occur.  Soak- 
ing the  seeds  in  either  concentrated  sulfuric 

acid  or  hot  water  has  been  used,  but  the  acid 
treatment  has  been  more  effective  (7).  Soaking 
time  in  acid  must  be  determined  for  each  seed 
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lot.  For  several  lots  of  G.  triacantlios,  the  opti- 
mum soaking  time  varied  from  1  to  2  hours 

(5).  When  the  hot  water  treatment  is  used,  the 
seeds  are  placed  in  3  to  4  times  their  volume 

of  water  at  about  190  '  F.  Seeds  and  water  are 
allowed  to  cool  to  room  temperature  or  until 
the  seeds  swell.  The  imbibed  seeds  should  be 
sown  promptly.  They  cannot  be  stored  (7). 

Germination  tests. — A  constant  temperature 
of  68"  F.  for  21  days  has  been  recommended 
for  germinating  pretreated  seeds  of  Gleditsia 
(1),  but  diurnally  alternating  temperatures  also 
have  been  used.  In  22  tests,  pretreated  seeds 
of  G.  triacanfhos  were  germinated  in  a  mixture 

of  sand,  peat,  and  soil  at  85"  F.  under  light 
for  about  8  hours  each  day  and  at  70  F.  during 
the  dark  period  of  each  24  hours.  Germinative 
energy  ranged  from  45  to  99  percent  in  9  to 
20  days  and  average  germinative  capacity  was 
75  percent  in  40  days  (6). 

Nursery  practice. — Pretreated  seeds  have 
been  drilled  in  rows  6  to  10  inches  apart  and 
covered  with  soil  to  a  depth  of  Vl'  to  %  inch. 
A  sowing  rate  of  10  to  15  seeds  per  linear  foot 
is  recommended.  Seedlings  reach  suitable  size 

for  field  planting  in  1  year.  Vegetative  prop- 
agation by  cuttings  is  also  possible  (7). 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 
(8) 

(9) 
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Chenopodiaceae — Goosefoot  family 

GRA  YIA  H.  &  A.  Hopsage 

by  Justin  G.  Smith  ' 

Growth  habit,  occurrence,  and  use. — The  only 
two  species  in  this  genus  are  found  in  the  more 
arid  regions  of  Western  United  States.  They  are 
freely  branched,  low  shrubs,  1  to  5  feet  tall  with 
alternate,  rather  fleshy,  entire  leaves.  Informa- 

tion on  Grayia  brandegei  A.  Gray,  spineless 
hopsage,  is  limited  and  is  summarized  sepa- 

rately in  the  ending  paragraph. 
Grayia  spinosa  (Hook.)  Moq.,  spiny  hopsage 

(synonyms:  Chenopodium  (?)  spiiiosum  Hook., 
Grayia  polygaloides  Hook.  &  Am.,  Eremo- 
semiimi  spinosum  Greene)  is  the  more  widely 
distributed  of  the  two  species  and  derives  its 
name  from  its  branches  which  are  often  spine- 
tipped.  Its  natural  distribution  ranges  from 
eastern  Washington  to  southern  California  and 
Arizona  and  east  to  southwestern  Montana, 
western  Wyoming,  and  Colorado  (3).  Although 
not  restricted  to  them,  it  is  common  in  alkaline 
situations,  especially  in  the  big  sagebrush  type 
from  about  2,500-foot  elevation  in  the  North- 

west to  about  7,000  feet  in  Utah  and  Nevada 
(1). 

Spiny  hopsage  has  also  been  called  grayia, 

Gray's  saltbush,  spiny-sage,  horsebrush,  and 
saltbrush  (1).  Where  this  species  is  abundant, 
it  is  considered  an  impoi-tant  part  of  the  forage 
because  it  is  eaten  in  fall,  winter,  and  spring  by 
deer  and  all  classes  of  livestock  (1,  11).  Sheep 

relish  and  thrive  on  the  leafy  twigs  and  enor- 
mous quantities  of  flat,  winged  fruits  {!).  In 

northeastern  Oregon,  where  cattle  have  access 
to  spiny  hopsage  during  late  winter  and  very 
early  spring,  individual  plants  are  severely 
hedged  (5). 

The  suitability  of  spiny  hopsage  for  restoring 
game  ranges  was  rated  comparatively  poor 
based  on  20  plant  attributes  (7).  It  is  quite 
resistant  to  2,  4-D  and  sprouts  readily  after 
roto  beating  or  light  burning  although  it  is 
easily  killed  by  plowing  with  a  heavy  disk  {11). 

Flowering  and  fruiting. — The  male  and  fe- 
male flowers  are  usually  borne  on  separate 

plants  in  terminal  and  axillary  spikelike  clusters 
from  April  to  June  (3).  The  fruit  (fig.  1)  is  a 
utricle  consisting  of  a  nutlet  (fig.  2)  closely  in- 

vested by  two  flattened  papery  bracts  forming 
a  round  sac  8  to  15  mm.  broad  (5),  which  turns 
whitish,  tinged  with  red,  as  it  matures  in  late 
June  and  July  {6,  7,  8).  In  the  nutlet,  the  peri- 

carp adheres  closely  to  the  seedcoat.  The  curved 
embryo  almost  completely  encircles  a  disk  of 
endosperm  (fig.  3). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Fruits  are  easily  stripped  from  branches 
into  containers,  run  through  a  hammer  mill  to 
break  up  the  papery  sacs,  and  then  through  a 
fanning  mill  for  cleaning   {2,  5).   Number  of 

'  Pacific  Northwest  Forest  and  Range  Exp.  Stn. 

Figure  1. — Grayia  s-pinosa,  spiny  hopsage: 
bracts,    2  X. 

fruit  with Figure  2. — Grayii  spinosa,  spiny  hopsage:  nutlet  with 
bracts  removed,  12  X. 
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r2mm 

1-0 

Figure  3. — Grayii  spinosa,  spiny  hopsage:  longitudinal 
section  through  a  nutlet,  25  X  . 

winged  fruits  per  pound  ranges  from  153,600 
(10)  to  168,000  (9).  Full  seed  varies  from  18 
(8)  to  95  percent  (5).  One  hundred  pounds  of 
fruit  (18  percent  were  full  seed)  yields  2.6 
pounds  of  pure  seed  (5)  ;  number  of  pure  seed 
per  pound  ranges  from  395,200  (2)  to  424,000 
(8).  Seed  can  be  kept  satisfactorily  for  6  years 
in  ordinary  dry  storage  (5). 

Germination  tests. — Glazebrook  (2)  showed 
that  light,  or  lack  of  it,  had  little  influence  on 
germination.  Using  unstratified  seed  that  had 
been  in  dry  storage  for  1  year,  he  got  maximum 
full  seed  germination  and  maximum  rate  of 
germination  from  fluctuating  daily  tempera- 

tures of  68°  F.  for  16  hours  and  86°  for  8  hours 
(88  percent  in  35  days).  King  (5),  using  6-year- 
old  seeds  stratified  in  sand  for  14  days  at  4i°  F., 
got  maximum  full  seed  germination  of  51  per- 

cent in  55  days  and  maximum  germinative 
energy,  25  percent,  in  10  days.  The  ideal  length 
of  stratification  was  apparently  less  than  14 
days  since  almost  half  the  total  germination 
occurred  during  stratification.  King  felt  that 
older  seed  might  require  shorter  periods  of 
stratification. 

In  tests  at  the  Eastern  Tree  Seed  Laboratory 

(.9)  at  a  constant  temperature  of  72°  F.,  germi- 
nation was  improved  following  stratification  in 

moss  at  38°  for  60  or  90  days;  highest  full  seed 
germination  was  36  percent  after  60  days  of 
stratification  compared  with  21  percent  for  un- 

stratified seed.  When  tests  were  run  with  tem- 

peratures of  86°  F.  during  the  day  and  68°  at 
night,  only  the  seed  stratified  for  90  days  ex- 

ceeded the  unstratified,  29-  versus  25-percent 
germination.  Stratification  also  speeded  germi- 

nation under  both  constant  and  alternating  tem- 
peratures; germination  was  complete  in  8  days 

or  less  after  60  or  90  days  of  stratification  com- 

pared with  30  days  for  unstratified  seed.  Because 
full  seed  averaged  only  32  percent,  germinative 
capacity  of  the  lot  was  quite  low.  Seed  stratified 
60  or  90  days  showed  a  germinative  capacity  of 
10  to  12  percent;  unstratified  seed,  4  to  5 

percent. Nursery  practice. — Glazebook  (2)  suggested 
early  fall  or  late  spring  sowing  based  on  the  ger- 

mination response  of  spiny  hopsage  to  alter- 
nating temperatures.  He  also  observed  that  very 

young  seedlings  were  apparently  quite  frost- 
hardy.  Nothing  has  been  reported  on  production 
techniques  for  spiny  hopsage.  Its  germination  is 
epigeal  (fig.  4),  and  it  readily  establishes  and 
increases  itself  naturally  on  overgrazed  and 
denuded  areas  (11). 

Notes  on  Grayia  brandegei  A.  Gray. — Nat- 
ural range  of  spineless  hopsage  includes  Colo- 
rado, Utah,  and  northeastern  Arizona  (-4).  It  is 

reputed  to  be  one  of  the  most  valuable  winter 

foi'age  plants  of  the  low,  dry  areas  where  it 
grows  {!).  This  shrub  is  distinguished  from 
spiny  hopsage  by  its  longer  and  narrower  leaves 
(-/),  a  utricle  not  more  than  6  mm.  wide  which 
is  scurfy-pubescent  and  keeled,  absence  of  spine- 

like tips  at  the  ends  of  the  branches  (If),  and  late 
fruit  ripening  from  September  10  to  December 
15  (7).  Winged  fruits  average  190,000  per 
pound  (7).  Spineless  hopsage  has  a  much  higher 
suitability  rating  for  restoring  game  range  than 
spiny  hopsage,  73  versus  56  out  of  a  possible 100  (7). 

1  cm. 

Figure  4. — Graj/ia  spinosa,  spiny  hopsage:  seedling  de- 
velopment at  1,  9,  and  14  days  after  germination. 
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Proteaceae— Protea  family 

GREVILLEA  ROBUST  A  A.  Gunn. 

by  Wesley  H.  C.  Wong,  Jr.^ 

Silk-oak 

Growth  habit,  occurrence,  and  use. — Silk-oak 
(also  called  silky-oak,  silver-oak,  he-oak,  oka- 
kilika,  Haiku-keokeo)  is  an  evergreen  tree  intro- 

duced from  Australia  in  the  late  1800's  and 
planted  on  most  of  the  major  Hawaiian  Islands 

{1).  The  species  has  adapted  well  to  Hawaii's 
varied  climates  and  grows  vigorously  from  sea 
level  up  to  4,000  feet  (7).  It  has  been  planted 
extensively  in  reforestation  programs,  and  has 
since  become  naturalized  in  certain  areas.  Wide 
dissemination  of  the  seeds  by  wind  and  toler- 

ance to  many  different  site  conditions  have  en- 
hanced its  alDility  to  proliferate  {11).  This  tree 

attains  heights  of  80  to  120  feet,  and  diameters 
up  to  3  feet  (11).  Individual  trees  are  found  in 
many  yards  and  around  ranches  because  of  their 
showy  orange  blossoms.  They  have  been  planted 
also  in  California  and  southern  Florida. 

The  wood  has  a  beautiful,  well-marked,  silver 
grain,  making  it  desirable  for  furniture  and 
cabinet  work  (6).  Care  must  be  taken  when 
machining  and  finishing  this  wood  because  the 
sawdust  contains  a  skin  irritant  which  produces 
an  uncomfortable  rash  lasting  a  week  or  more. 
Hydrocyanic  acid  has  been  detected  in  the  fruit 
and  flowers.  {1). 

'  Hawaii  Division  of  Forestry. 

Another  species,  Grevillea  banksii  R.  Br. 
(Kahili  flower),  is  less  common  because  reforest- 

ation attempts  with  it  have  failed.  Only  on 
Kauai  and  Maui  are  remnant  stands  of  early 
plantings  found  (11).  It  grows  into  a  small  tree, 
20  to  30  feet  high.  The  flowers  and  fruit  of  this 
species  also  holds  cyanogenic  substances  which 
produce  a  rash  similar  to  that  from  poison  ivy 
(1,  5).  A  white-flowered  form  of  this  species,  G. 
bank.sii  forma  albiflora,  is  also  found  in  Hawaii 
(1).  Hawaii  State  Regulations  2  and  NW  10 
classify  this  species  as  a  noxious  weed  (5). 

Flowering  and  fruiting. — GreviUea  robnsta  is 
monoecious  and  flowers  from  early  March 
through  October,  reaching  its  peak  during  the 
months  of  May,  June,  and  early  July  (10).  Trees 
in  Hawaii  usually  produce  flowers  and  seeds 
when  10  to  15  years  old  (11).  In  Jamaica,  trees 
seed  profusely  from  10  years  of  age  (9).  The 
bright  orange  blossoms  are  borne  on  horizontal 
3-  to  41  o-inch  (8  to  12  cm.)  long  racemes  which 
are  on  short  leafless  branches  of  the  old  wood 

(1).  The  fruit  is  a  green  leathery  follicle  1/2  to 
1  inch  (15  to  25  mm.)  long,  tipped  with  a 
slender  recurved  stiff  style  (fig.  1)  (1).  The  seed 
case  remains  on  the  tree  for  a  year  or  so  after 
the  seeds  are  dispersed  (7).  Two  brown  seeds 
each  about  1/2  inch  (15  mm.)  long  with  light, 

1—12  mm 

Figure  1. — Grevillea  robusta,  silk-oak:  follicle  and  seed, 
2  X. 

Figure  2. — Grevillea  robusta,  silk-oak:  longritudinal  sec- 
tions through  two  planes  of  a  seed,  4  X . 
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winged  margins  are  found  in  each  follicle  (figs. 
1  and  2).  Seed  crops  occur  annually. 

Flowers,  fruit,  and  seeds  of  G.  banksii  resem- 
ble those  of  G.  robiista.  The  blossoms  are  red 

instead  of  orange,  while  creamy  white  flowers 
characterize  the  forma  albiflora. 

Collection,  extraction,  and  storage. — The 
fruits  of  G.  rohusta  are  gathered  from  the  tree 
before  opening,  when  the  first  hint  of  brown 
color  appears,  indicating  that  the  seeds  are 
mature  {!).  The  seeds  are  extracted  by  air- 
drying  the  fruit  in  trays  under  shade  for  5  or  6 
days,  or  until  the  seed  cases  open.  The  seeds 
which  fall  from  the  cases  are  then  separated  by 
means  of  a  seed  cleaner  {10).  Purity  has  aver- 

aged 87  percent  (-4,  ̂ ).  Moisture  content  of  fresh 
seed  collected  in  Hawaii  was  28.5  percent  (5). 
The  numbers  of  seeds  per  pound  for  three  loca- 

tions are  as  follows: 

Hawaii     29,400     (3) 
East  Africa          30,000-70,000     (8) 
Australia  36,000-45,000     (4) 

Seeds  have  been  stored  for  2  years  at  20°  F. 
and  at  38°  F.  with  germination  ranging  from 
60  to  70  percent  when  seed  moisture  was  main- 

tained below  10  percent  in  airtight  containers 
{2). 

Germination. — Two  pregermination  treat- 
ments have  increased  substantially  the  germina- 

tion of  stored  seed  {3).  A  48-hour  water  soak 
and  stratification  at  38°  F.  for  30  days  were 
equally  eflFective.  Pretreated  seeds  were  germi- 

nated on  moist  Kimpak  at  diurnally  alternating 

temperatures  of  86°  F.  during  an  8-hour  light 
period  and  68°  F.  during  the  dark  period.  Aver- 

age germinative  capacity  of  8  samples  after  72 
days  was  70  percent  and  germinative  energy  at 
17  days  was  38  percent.  Germination  of  stored, 
untreated  seed,  however,  was  only  26  percent 
(5).  Fresh  seed  in  Australia  had  a  germinative 
capacity  of  60  to  80  percent  (U). 

Nursery  practice. — In  Hawaii,  G.  robnsta 
seeds  are  sown  in  spring  at  a  depth  of  i/j  inch 

without  mulch  (10).  Seedbeds  are  treated  with 
insecticides  and  fungicides  before  sowing. 
Seedling  density  ranges  from  20  to  30  seedlings 
per  square  foot.  Outplanting  is  done  when 
seedling  are  9  months  old  (10).  Seedlings  grown 
in  Ceylon  are  outplanted  when  about  15  inches 
high,  while  those  in  Jamaica  are  outplanted 
when  about  2  feet  high  (9). 
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Leguminosae — Legume  family 

GYMNOCLADUS  DIOICUS  (L.)  K.  Koch 

by  Ivan  L.  Sander  ̂  

Kentucky  coffeetree 

Growth  habit,  occurrence,  and  uses. — Ken- 
tucky coffeetree  is  a  medium  to  large  deciduous 

tree  whose  natural  range  extends  from  New 
York  and  Pennsylvania  west  to  Minnesota, 
southward  to  Oklahoma,  and  east  to  Kentucky 
and  Tennessee.  It  is  used  chiefly  for  timber  and 

North  Central  Forest  Exp.  Stn. 

fence  posts,  and  has  been  used  to  some  extent 
as  an  ornamental  in  the  Eastern  States  (2,  li-). 
Unverified  reports  indicate  that  the  early  set- 

tlers of  Kentucky  and  Tennessee  may  have  used 
the  seeds  as  a  substitute  for  coffee.  The  pulp  of 
the  green  fruit  was  used  in  medicines  {2).  The 
species  was  introduced  into  cultivation  before 
1748  (5). 

Flowering  and  fruiting. — The  greenish-white, 
dioecious,  flowers  appear  in  May  and  June,  after 
the  leaves,  and  are  borne  in  terminal  racemose 
clusters.  The  fruit  is  a  tardily  dehiscent,  flat, 
thick,  woody  legume  that  ripens  in  September 
or  October  and  usually  persists  unopened  on  the 
tree  until  late  winter  or  early  spring  {6).  The 
dark  brown  or  red  brown  pod  is  6  to  10  inches 
long,  1  to  2  inches  wide,  and  usually  contains 
4  to  8  dark  brown  to  almost  black  seeds  sepa- 

rated by  a  mass  of  brown  pulp  (figs.  1  and  2). 
The  seeds  are  oval,  about  %  irich  long  with  a 

thick,  very  hard,  and  bony  coat  {2).  They  will 
generally  remain  in  the  pod  until  it  falls  and  is 
broken  up  by  decay,  a  process  which  may  take  2 
years  or  longer  {3). 

-12r 

■0 

Figure  1. — Gymnocladus  dioicus,  Kentucky  coffeetree: 
pod  and  seed,  V2  X . 

Figure  2. — Gymnocladus  dioicus,  Kentucky  coffeetree: 
longitudinal  section  through  a  seed,  4  X . 
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Collection  of  fruits;  extraction  and  storage  of 
seeds, — The  fruit  can  be  collected  at  any  time 
during  the  late  fall,  winter,  or  spring  by  picking 
them  from  the  tree  or  from  the  ground  if  they 
have  fallen.  Sometimes  the  pods  can  be  dislodged 
by  vigorously  shaking  or  flailing  the  branches. 

The  seed  may  be  extracted  by  hand  either  dry 
or  after  macerating  in  water.  A  mechanical 
macerator  and  thresher,  such  as  the  one  de- 

veloped by  the  U.S.  Forest  Service,  should  be 
used  for  large  quantities  of  seed  {1).  The  num- 

ber of  clean  seed  per  pound  varies  from  a  low 
of  200  to  a  high  of  300  and  averages  230  {1,  U, 
6).  Purity  of  the  seed  is  almost  100  percent  and 
90  to  95  percent  of  the  seeds  are  usually  sound. 

Kentucky  cofFeetree  seed  apparently  remains 
viable  for  several  years  in  nature  (3).  However, 
little  information  is  available  on  the  conditions 
under  which  it  can  be  stored  successfully.  Cold 
dry  storage  is  recommended  for  overwinter 
storage  (7),  and  under  these  conditions  the  seed 
can  probably  be  stored  for  several  years. 

Pregermination  treatments. — Kentucky  cof- 
feetree  seed  has  a  hard,  impermeable  seedcoat 
that  prevents  or  delays  germination.  Best  ger- 

mination has  been  obtained  by  treating  the  seed 
with  acid  ;  however,  for  small  quantities  of  seed, 
filing  through  the  outer  seedcoat  with  a  hand 
file  will  give  acceptable  results.  The  acid  treat- 

ment consists  of  soaking  the  seeds  in  water  at 
room  temperature  for  24  hours,  and  then  soak- 

ing in  concentrated  sulfuric  acid  for  about  2 
hours.  After  the  acid  soak,  the  seeds  should  be 
thoroughly  washed  to  remove  any  remaining 
acid  before  planting  (7). 

Germination  tests.— Only  pretreated  seed 
should  be  used  in  germination  tests.  One  hun- 

dred seed  should  be  planted  in  sterile  sand,  and 
temperatures  should  alternate  between  about 

70°  F.  at  night  and  85°  F.  during  the  day.  Data 
on  germinative  energy  and  germinative  capacity 
are  available  from  only  one  test.  Seed  pretreated 
with  concentrated  sulfuric  acid  for  2  hours 
showed  a  germinative  energy  of  48  percent  after 
20  days  and  82  percent  after  25  days.  Germi- 

native capacity  was  86  percent  after  30  days 
when  the  test  ended  (7).  Germination  is  hypo- 
geal  (fig.  3). 

Nursery  practice. — Pretreated  seed  should  be 
sown  in  the  spring  in  rows  spaced  18  to  30 
inches  apart  depending  upon  irrigation  and  cul- 

tivation methods.  Even  closer  spacing  can  be 
used,  but  rows  should  be  no  closer  together  than 
6  inches.  The  sowing  rate  should  be  12-18  seeds 
per  lineal  foot  of  row  with  the  seed  covered  with 
about  1  inch  of  firmed  soil  (1,  4).  In  general, 
about  60  to  75  percent  of  the  seed  sown  will 
produce  plantable  seedlings.  The  seedling  may 
be  planted  in  the  field  after  one  year. 

Figure  3. — Gymnocladus  dioicus,  Kentucky  coflFeetree: 
seedling  development  at  2  and  5  days  after  germi- nation. 
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Styracaceae — Snowbell  family 

HALESIA  CAROLINA  var.  CAROLINA  L.  Carolina silverbell 

by  F.  T.  Bonner  '  and  Arnold  L.  Mignery  ̂  

Other  common  names. — opossum-wood,  silver- 
bell,  snowdrop-tree. 

Growth  habit,  occurrence,  and  uses. — Carolina 
silverbell  is  a  small,  deciduous  tree  that  may 
reach  heights  of  40  feet  at  maturity  (2).  It  is 
found  naturally  from  Virginia  and  southern 
Illinois  south  to  northwestern  Florida,  western 
Tennessee  and  Alabama.  It  has  been  planted  in 
the  East  as  far  north  as  Massachusetts  and  to 
some  extent  in  northern  and  central  Europe. 
Carolina  silverbell  was  first  cultivated  in  1756 
(.4).  It  is  valued  as  an  ornamental,  and  its  fruits 
are  a  source  of  food  for  wildlife. 

Flowering  and  fruiting. — The  white,  pei-fect, 
axillary  flowers  of  Carolina  silverbell  are  borne 
in  fascicles  of  1  to  5  in  March  to  May.  The  fruit, 
which  matures  in  autumn,  is  an  oblong  or  ob- 

long-ovate, dry,  4-winged,  reddish-brown,  corky 
drupe  1  to  2  inches  long.  The  ovary  is  a  4-celled 
ellipsoid  stone,  i/>  to  %  inch  long  {2,  4)  (figs. 
1  and  2).  The  fruits  are  persistent  on  the 
branches,  and  dispersal  occurs  well  into  the 
winter  (4). 

Collection,  extraction,  and  storage. — Carolina 
silverbell  fruits  may  be  collected  from  the  trees 
in  late  fall  and  early  winter.  Dewinging  can  be 
done  mechanically  (3)  and  is  recommended  to 
reduce  bulk  and  facilitate  handling  (4).  Com- 

plete extraction  of  stones  from  the  fruits  is  not 
necessary.  There  are  1,200  to  2,500  dewinged 
fruits  per  pound  (2  samples)  (i).  While  no  data 
on  long-term  storage  are  available,  dry,  cold 
storage  of  cleaned  fruits  has  been  recommended 
(1). 

Pregermination  treatments. — Untreated  seeds 
will  not  germinate  satisfactorily  the  same  year 
they    are    planted.    Successive    treatments    of 

;  warm,  then  cold  stratification  have  induced  ade- 

\  quate  germination.  Moist  stratification  at  56° 
I  to  86°  F.  for  60  to  120  days,  followed  by  60  to 
,  90  days  at  33°  to  41°  F.,  has  been  recommended 
(4).  Seedlots  vary  widely  in  their  afterripening 

'  Southern  Forest  Exp.  Stn. 

requirement  (1),  and  cold  stratification  alone 
has  been  successful  with  some  lots. 

Germination  tests. — Stratified  seeds  have 
been  germinated  in  flats  of  sand  or  sand-peat 
mixtures  for  60  to  90  days  with  86°  F.  day  and 
68"  F.  night  temperatures.  Seven  samples  ger- 

minated in  this  manner  averaged   53  percent 

Figure  1. — Halcsia  Carolina  var.  Carolina,  Carolina  sil- 
verbell: fruit  and  stone  (seed),  1  X. 

40- 

seedcoat 

cotyledons 
hypocotyl radicle 
endosperm 
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O 

Figure  2. — Halcsia  Carolina  var.  Carolina,  Carolina  sil- 
verbell: longitudinal  section  through  two  embryos  of 

a  stone,  IV2  X. 
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germinative  capacity  (-4).  Germination  is  epi- 
geal  (fig.  3). 

Nursery  practice. — Stratified  seeds  should  be 
sown  in  the  spring.  Some  growers  in  the  North 
have  planted  seeds  in  flats  of  soil  and  have  kept 
them  in  a  greenhouse  during  the  early  winter 
months.  In  January,  the  flats  were  moved  to  an 
outdoor  cold  frame  for  the  cold  part  of  the  after- 
ripening  treatment.  The  flats  were  protected  by 
mulch  or  by  board  covers  on  the  coldframes. 
Plants  may  also  be  propagated  by  layers,  root 
cuttings,  or  greenwood  cuttings  (^). 
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Figure  3. — Halesia  Carolina  var.  Carolina:  seedling  de- 
velopment at  1,  4,  16,  and  49  days  after  germination. 
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Hamamelidaceae — Witch-hazel  family HAMAMELIS 

HAMAMELIS  VIRGIN  I  AN  A  L. 

by  Kenneth  A.  Brinkman  ' 

Witch-hazel 

Growth  habit,  occurrence,  and  use. — Witch- 
hazel  is  a  deciduous  shrub  or  small  ti^ee  attain- 

ing a  height  of  15-20  feet  (1).  It  is  native 
from  Nova  Scotia  to  southeastern  Minnesota, 
south  to  Missouri,  southeastern  Oklahoma  and 
Texas,  and  east  to  central  Florida  (3).  First 
cultivated  in  1736  (4),  witch-hazel  is  used  in 
environmental  plantings  largely  because  it 
flowers  in  late  autumn.  The  species  provides 
seeds  for  birds  and  browse  for  wildlife  (7). 
Bark,  leaves,  and  twigs  have  been  used  me- 

chanically  in   the   form   of  extracts.    Another 

'  North  Central  Forest  Exp.  Stn. 

species,  Hamamelis  vernalis  Sarg.,  is  a  shrub 
of  the  Ozark  region  of  Missouri,  Arkansas, 
and  Oklahoma  but  seldom  is  planted. 

Flowering  and  fruiting. — The  flowers  of  H. 
virginiana  open  in  September  or  October,  but 
the  fruits  do  not  ripen  until  early  the  next 
autumn  (4,  7).  Capsules  (fig.  1)  burst  open 
when  dry,  each  discharging  two  shiny  black 
seeds  (fig.  2).  There  is  limited  dispersal  by 
birds. 

Collection,  extraction,  and  storage. — Witch- 
hazel  fruits  should  be  picked  in  early  autumn 
before  they  split  and  discharge  the  seeds.  Ripe 
fruits  are  dull  orange  brown  with  blackened 
adhering  fragments  of  floral  bracts,  but  the 
seeds  apparently  mature  as  early  as  August 
before  the  fruit  coat  is  fully  hardened  (5). 
Fruits  should  be  spread  out  to  dry  so  the  seeds 
may  be  separated  from  the  capsules  by  screen- 

ing. Two  samples  had  8,700  and  10,900  seeds 
per  pound  {6).  Fresh  seed  can  be  stored  dry  in 

sealed  containers  at  41"  F.  for  1  year  without 
loss  of  viability.  For  overwinter  storage  prior 
to  spring  planting,  the  seed  should  be  stratified 

in  a  mixture  of  sand  and  peat  at  41"'  F. 
Germination  and  seed  testing. — Some  strati- 

fied seed  germinate  in  the  first  spring  but  many 

rlO 

Figure  1. — Hmnamelis  inrginiana,  witch-hazel:  fruits 
(capsules)  before  and  after  seeds  were  discharged, 
2  X. 

Figure  2. — Hamamelis  virginiana,  witch-hazel:  longitu- 
dinal section  through  a  seed  and  exterior  view,  both 

at  4  X. 
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remain  dormant  until  the  following  year.  Dor- 
mancy is  due  to  conditions  in  both  seedcoat  and 

embryo,  but  satisfactory  methods  for  overcom- 
ing dormancy  have  not  been  found.  In  one  series 

of  tests,  seed  was  stratified  for  60  days  at  86° 
(day)  and  68°  (night)  plus  90  days  at  41°  F. 
{6).  When  tested  in  sand  at  86°  (day)  and  68° 
(night),  17  percent  of  this  seed  germinated 
in  60  days. 

Nursery  practice. — Witch-hazel  seed  may  be 
fall-sown  in  the  nursery  as  soon  as  collected, 
or  stratified  seed  may  be  sown  in  the  spring. 
Limited  trials  show  that  seed  collected  as  early 
as  August  and  sown  by  early  October  results 
in  as  much  as  90  percent  germination  the 
following  spring  {2,  5).  Fall  sowing  is  recom- 

mended; the  seedbeds  should  be  mulched  over 
winter  and  uncovered  at  germination  time  in 
the  spring.  For  spring  sowing  of  stratified  seed, 
prepare  seedbeds  as  early  as  soil  conditions 
permit.  Sowing  in  drills  spaced  8  to  12  inches 
apart  will  facilitate  weeding  and  cultivating. 
Secondary  leaves  may  develop  on  a  seedling 
within  21  days  after  germination  (fig.  3). 
Propagation  by  layering  also  is  possible. 
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Compositae — Composite  family 

HAPLOPAPPUS  PARISHII  (Greene)  Blake 

by  Raymond  D.  RatliflF  ̂  

Parish  goldenweed 

Synonyms. — Aplopappiis  parishii  (Greene) 
Blake,  Bigelovia  parishii  Greene,  Chrysoma 
parishii  Greene,  Ericameria  parishii  (Greene) 
Hall. 

Other  common  name. — Parish  goldenbush. 
An  erect  shrub,  Parish  goldenweed  has  a 

mature  height  of  3  to  8  feet  (3).  Plants  15 
years  old  has  attained  heights  of  6V2  feet  and 
crown  spreads  of  4  feet  (2).  Parish  golden- 

weed occurs  in  tht  lower  parts  of  the  chaparral 
belt  of  California  (6).  It  is  found  between  the 
1,500  and  7,000-foot  elevations  in  the  mountains 
of  southern  California  and  into  Lower  Cali- 

fornia (5).  Frequently,  it  is  found  on  outwash 
fans  and  exposed  hillsides  (5).  Parish  golden- 

weed is  primarily  of  value  for  erosion  control 
on  dry  slopes  (6). 

The  plants  will  flower  and  bear  seed  at  2 
years  of  age  and  produce  seed  each  year  there- 

after (.'?).  Flowering  takes  place  from  July  to 
October  (.5),  and  ripe  seed  may  be  collected  in 
October  and  November  (i). 

The  fruit  of  Parish  goldenweed  is  an  achene 
(fig.  1)  which  is  handled  as  a  seed.  It  contains 
no  endosperm  (fig.  2).  About  1,630,000  clean 
achenes  (seeds)  weigh  1  pound  (-4).  Achenes 
(seeds)  are  collected  by  hand  and  separated 
from  the  bristles  by  rubbing  and  fanning  (6). 
They  require  no  dormancy  breaking  treatment 
(1).  Achenes  (seed)  sowed  on  sand  began  ger- 

minating in  4  days,  and  a  maximum  of  95  per- 
cent germinated  (4).  Germination  is,  however, 

usually  much  lower  (about  20  percent)  because 
of  a  high  percentage  of  defective  seed  (6). 
Parish  goldenweed  may  be  propagated  also  by 
cuttings  (3). 
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Figure  1. — Haplopappus  parishii,  Parish  goldenweed: 
achene  with  pappus  removed,  12  x . 
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Figure  2. — Haplopappus  parishii,   Parish  goldenweed: 
longitudinal  section  through  an  achene,  24  X . 
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Elaeagnaceae — Elaeagnus  family 

HIPPOPHAE  RH  AM  OWES  L.  Common  seabuckthorn 

by  Paul  E.  Slabaugh  i 

Other  common  names. — sandthorn,  swallow- 
thorn. 

Growth  habit,  occurrence,  and  use. — Native 
from  northwestern  Europe  through  central 
Asia  to  the  Altai  Mountains,  western  and  north- 

'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 

Figure   1. — Hippophae   rhamnoides,   common   seabuck- 
thorn: fruit  and  stone,  4  X. 

0 

Figure   2. — Hippophae   rhamnoides,   common   seabuck- 
thorn: longitudinal  section  through  a  stone,  16  X. 

ern  China,  and  the  northern  Himalayas,  com- 
mon seabuckthorn  is  one  of  two  species  in  this 

genus,  the  other  of  which  is  little  cultivated 
(11).  It  is  a  very  hardy  deciduous  shrub  or  a 
small  tree  used  primarily  for  ornamental  pur- 

poses. In  Europe  and  Asia,  however,  it  is  used 
in  hedges  and  screens,  and  to  protect  and  en- 

rich eroded  soils  (1,  9,  13).  A  tendency  to  form 
thickets  by  root  suckering  limits  its  use  in 
shelterbelts.  The  berries,  a  rich  source  of  vita- 

mins {IJf),  have  been  used  in  making  cordial 
and  jam  in  Siberia  [6).  The  plant  stems  bear 
many  sharp,  stiff  thorns,  and  provide  protec- 

tion, cover,  and  food  for  various  birds  and  small 
rodents  {6,  10). 

Flowering  and  fruiting. — The  species  is  dioe- 
cious; its  very  small,  yellowish,  pistillate  flow- 

ers appear  in  March  or  April  before  the  leaves 
{10,  15).  Acid,  orange-yellow,  drupelike  fruits 
about  the  size  of  a  pea  (fig.  1)  {11)  ripen  in 
September  or  October  {7,  8)  and  frequently 
persist  on  the  shrubs  until  the  following  March. 
Each  fruit  contains  one  bony,  ovoid  stone  (figs. 
1  and  2).  Seed  crops  are  borne  annually. 

Collection,  extraction,  and  storage. — Common 
seabuckthorn  fruits  are  soft  and  cling  tena- 

ciously to  the  brittle  twigs.  Fruits  may  be 
picked  from  the  bushes  at  any  time  between 
late  fall  and  early  spring.  Seeds  may  be  ex- 

tracted by  running  the  fruit  wet  through  a 

macerator  and  floating  ofl"  the  pulp.  Prompt 
cleaning  is  advantageous  because  germination 
is  very  low  for  seeds  left  too  long  in  the  fruit 
(12).  From  100  pounds  of  fruit,  10  to  30  pounds 
of  cleaned  seed  may  be  extracted.  Soundness 
of  85  percent  and  purity  of  97  percent  have 
been  reported  {15).  Average  number  of  cleaned 
seed  per  pound  determined  on  10  samples  is 
^0.000  with  a  low  of  25,000  and  a  high  of  59,000 
(1.5).  Smaller  seed,  numbering  117,000-120,000 
per  pound,  were  produced  in  Roumania  {3). 
Dry  seeds  have  been  kept  satisfactorily  for 
one  to  two  years  at  room  temperature  {15). 

Germination. — Internal  dormancy  in  seeds  of 
seabuckthorn  can  be  broken  by  stratification 

in  moist  sand  for  90  days  at  36^  to  41^  F.  {2, 
10).  Stratification  for  15  days  is  sufficient  if 
seed  is  sown  in  fall  (4).  Germination  tests  may 
be  run  in  40  days  on  stratified  seeds  in  sand 
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flats  at  diurnally  alternating  temperatures  of 

68°  and  86  '  F.  (15).  Germination  was  increased 
slightly  by  exposure  to  light  intensities  up  to 
200  foot-candles  {10).  Germination  capacities 
of  untreated  seed  were  only  6  to  60  percent 
after  60  days  (15).  Tests  in  Roumania  and 
England  gave  capacities  of  75  to  85  and  95  to 
100  percent  {3,  10).  Germination  is  epigeal 
(fig.  3). 
Nursery  practice. — Untreated  seed  may  be 

sown  in  the  fall  (4)  but  stratified  seed  is  needed 
for  spring  sowing  (2).  Either  broadcast  or 
drill  sowing  is  satisfactory  if  seeds  are  covered 
with  about  one  quarter  of  an  inch  of  soil.  Shad- 

ing during  the  early  stages  of  germination  is 
beneficial  (5).  This  species  is  propagated  by 
layers,  suckers,  and  root  cuttings  as  well  as  by 
seeds.  It  grows  best  on  moist,  neutral  to  basic, 
sandy  soils  (10). 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 
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Rosaceae — Rose  family 

HOLODISCUS  DISCOLOR  ( Pursh)  Maxim. 

Greambush  rockspiraea 

by  Peter  F.  Stickney  ̂  

Synonyms. — Spiraea  discolor  Pursh;  Seri- 
cotheca  discolor  Rydb. ;  Schizonotus  discolor 
Raf. 

Other  common  names. — ocean-spray,  arrow- 
wood,  hardhack,  creambush,  mountain-spray. 

Growth  habit,  occurrence,  and  use. — This 
species  is  a  deciduous  shrub,  3  to  10  feet  tall, 
native  from  British  Columbia  to  western  Mon- 

tana and  southward  to  northeastern  Oregon 
and  southern  California.  It  occupies  a  variety 
of  sites,  ranging  from  the  moist  forests  of  the 
coastal  plain  to  the  more  arid  timber  areas  of 
the  Rocky  Mountains.  Normally  symmetrical, 
it  is  very  attractive  in  full  bloom  when  it  bears 
large  panicles  of  creamy-white  flowers  on 
slender  arching  branches.  It  was  brought  into 
cultivation  in  1827  for  its  ornamental  value  (4). 
It  is  browsed  to  varying  degrees  by  deer  and 

'  Intermountain  Forest  and  Range  Exp.  Stn. 

elk,  with  peak  use  in  fall  and  winter  months 

(6). 
Flowering  and  fruiting. — Although  the  per- 

fect flower  buds  appear  early  in  the  spring, 
full  flowering  does  not  occur  until  June  or 
July  and  may  continue  in  some  areas  on  into 
late  August  (2,  6).  In  the  northern  Rocky 
Mountains,  the  flowering  period  is  reported  to 
occur  about  the  middle  or  latter  part  of  July, 
with  fruit  ripening  in  late  August  and  seed 
being  dispersed  from  then  until  the  end  of 
November  (1,  5).  The  fruits  are  light  yellow 
achenes,  2  mm.  long  (figs.  1  and  2)  that  are 

r2 

Figure  1. — Holodiscus  discolor,  creambush  rockspiraea: 
achene,  16  X. 

Figure  2. — Holodiscus  discolor,  creambush  rockspiraea: 
long-itudinal  section  through  an  achene,  40  X- 
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used  as  seeds.  An  estimate  of  the  number  of 
seeds  per  pound  of  cleaned  seed  in  northern 
Idaho  gave  5,340,000 ;  of  these,  about  7  percent 
were  sound  (3) .- 

Germination  tests. — Complete  absence  of  ger- 
mination of  untreated  seed  during  test  periods 

of  up  to  6  months  indicates  a  type  of  dormancy 
requiring  afterripening  or  maturation  of  the 
embryo  (5).  Stratification  in  either  sand  or 
peat  at  41  F.  for  18  weeks  appeared  to  be 
about  optimum  for  breaking  the  dormant  con- 

dition. Two  samples  of  seed  treated  in  this 

manner  and  tested  for  germination  under  68° 
to  75^  F.  temperatures  showed  a  germinative 
energy  of  84  percent  in  a  22-day  period,  based 
on  the  number  of  sound  seed  only. 

"  King  (3)  describes  a  method  for  determining-  sound- ness with  a  binocular  dissecting  microscope  (15  X). 
Apparently  the  seedcoat  is  translucent  when  wet,  and 
the  presence  or  absence  of  the  embryo  can  be  discerned. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Drew,  Larry  A. 
1967.  Comparative  phenology  of  serai  shrub 

communities  in  the  cedar/hemlock  zone.  MS 

thesis,  108  p.  Univ.  Idaho,  Coll.  For.  (Un- 
published.) 

(2)  Hitchcock,    C.    Leo;    Cronquist,    Arthur;    Ownbey, 
Marion;;   and   Thompson,  J.  W. 

1961.  Vascular  plants  of  the  Pacific  Northwest. 
Pt.  3,  Saxifragaceae  to  Ericaceae.  614  p. 
Univ.  Wash.   Press,   Seattle. 

(3)  King,  James  E. 
1947.  The  effect  of  various  treatments  to  induce 

germination  of  seeds  of  some  plants  valu- 
able for  soil  conservation  and  wildlife.  MS 

thesis,  97  p.  Univ.  Idaho,  Coll.  For.  (Un- 
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(4)  Rehder,  Alfred. 
1940.   Manual   of  cultivated   trees  and   shrubs. 

Ed.  2,  996  p.  The  Macmillan  Co.,  New  York. 
(.5)    Sticknev,  Peter  F. 

Data  recorded    1968.   USDA   Forest  Serv.,   In- 
termt.    Forest  and    Range    Expt.    Stn.,    Mis- 

soula, Mont. 
(6)    USDA  Forest  Service. 

1937.  Range  plant  handbook.  (512  p.)  Wash- 
ington,  D.C. 
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Aquifoliaceae — Holly  family 

ILEX  L. 
Holly 

by  F.  T.  Bonner  ̂  

Growth  habit,  occurrence,  and  use. — The  hol- 
lies include  about  300  species  of  deciduous  or 

evergreen  shrubs  and  trees  that  occur  in  tem- 
perate and  tropical  regions  of  both  hemispheres. 

About  20  species  are  native  to  eastern  North 
America.  Most  are  highly  valued  for  ornamental 
plantings,  and  all  are  good  food  sources  for 
wildlife  (table  1).  The  wood  of  Ilex  opaca  is 
used  in  cabinetry  and  for  construction  of 
novelties  and  specialized  wood  products   (20). 

Flowering  and  fruiting. — The  small,  axillary, 
greenish-white,  dioecious  flowers  appear  in  the 
spring  (table  2).  Holly  fruits  are  rounded, 
berrylike  drupes,  14  to  V2  inch  (6  to  13  mm.) 
in  diameter  (fig.  1) ;  they  contain  2  to  9  bony, 
one-seeded,  flattened  nutlets  (pyrenes)  (fig.  2). 
They  mature  in  fall  (table  2),  turning  green 
to  various  shades  of  red,  yellow,  or  black  (table 
3).  The  nutlets  contain  a  very  small  embryo 
in  a  fleshy  endosperm  (fig.  3)  and  are  used  as 
seeds.  Dates  of  flowering  and  fruiting  are  in 
tables  2  and  3. 

'  Southern  Forest  Exp.  Stn. 

Collection,  extraction,  and  storage. — Ripe 
fruits  may  be  picked  by  hand  or  flailed  from 
the  branches  onto  sheets  spread  on  the  ground. 
Seeds  (nutlets)  should  be  extracted  by  running 
the  fruits  through  a  macerator  with  water  and 
floating  or  skimming  off  the  pulp  and  empty 
seeds  (19).  I.  opaca  fruits  can  also  be  run 
through  a  hammer  mill  and  allowed  to  ferment 
in  warm  water.  Hand-rubbing  on  a  screen  in 
water  can  be  used  to  remove  the  pulp  (20).  If 
the  seeds  are  to  be  stratified  immediately,  dry- 

ing is  not  necessary.  If  the  seeds  are  to  be 
stored,  they  should  be  dried  and  placed  in 
sealed  containers.  Viability  of  seeds  after  stor- 

age for  more  than  1  year  has  not  been  reported, 
but  dry  seeds  will  probably  keep  well  at  tem- 

peratures a  few  degrees  above  freezing.  Table 
4  contains  seed  yield  data. 

Pregermination  treatment. — Ilex  seeds  ex- 
hibit a  deep  dormancy  that  is  caused  partly  by 

the  hard  endocarp  surrounding  the  seedcoat 
(fig.  3)  and  partly  to  conditions  in  the  embryo. 
/.  opaca  seeds  contain  an  immature  embryo 
that  must  complete  its  development  after  ap- 

Table  1. — Ilex:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names  Common 
and  synonyms  names 

/.  aquifolium  L...      English  holly   

I.  glabra  (L.)  A.  Gray.-   -  inkberry,  winterberry, 
Prinos  glaber  L.  Appalachian-tea, 

Canadian  winterberry, 
evergreen  winterberry, 
gallberry. 

I.  motitana  Torr.  and  Gray    mountain  winterberry, 
/.  monticola  Gray.  mountain  holly. 

/.  opaca  Ait.          American  holly, 
holly,  white  holly. 

/.  verticillata  (L.)  A.  Gray    common  winterberry, 
Prinos  verticUlatus  L.  black-alder, 

winterberry. 

/.  vomitoria  Ait       yaupon,  cassena, 
Christmas-berry, 
evergreen  holly. 

Occurrence 

Uses^ 

Data  compilers 
for  the  species 

Native  to  southern  Europe, 
northern  Africa,  and  western 
Asia  to  China.  Widely  planted 
in  southeastern  and  north- 

western United  States. 
Nova  Scotia  to  Florida,  west  to 

Missouri  and  Texas. 

New  York  to  Florida,  west  to 
Louisiana. 

Massachusetts  to  Florida,  west 
to  Texas  and  Missouri. 

Newfoundland  to  Minnesota, 
south  to  Louisiana  and 
Florida. 

Virginia  to  central  Florida,  west 
to  Texas  and  Oklahoma. 

H,  E    R.  S.  Walters. 

H,  E    Do. 

H    Do. 

T,  H,  E       R.  L.  Barnes. 

H,  E    R.  S.  Walters. 

H.  E 
LeRoy  Jones. 

^  T:  timber  production,  H:  habitat  or  food  for  wildlife,  E:  environmental  forestry. 
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I.  cassina 
dahoon 

/.  aauifolium 
English  holly 

/.  cassine 
dahoon 

/.  montana 
mountain  winterberry 

/.  opaca 
American  holly 

/.  vomitoria 
yaupon 

Figure  1. — Ilex:  fruits  and  leaves,  1  X. 
W 

I.  opaca 
American  holly 

/.  verticil  lata 
common  winterberry 

/.  vomitoria 

yaupon 

parent  fruit  maturity  {2).  In  nature,  germina- 
tion is  commonly  delayed  for  16  months  (2) 

and  may  require  3  years  for  completion  {19). 
Some  benefit  may  be  obtained  by  stratifying 

Ilex  seeds  at  alternating  temperatures  of  68° 
(night)  and  86°  F.  (day)  for  60  days,  followed 
by  60  days  at  41°.  This  treatment  is  probably 
most  beneficial  with  /.  verticUlata  seeds,  which 

/.  glabra 
inkberry 

Figure  2. — Ilex:    nutlets    (pyrenes)    containing   seeds, 4  X. 

Table  2. — Ilex:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal dates 

Data 

source 

/.  aquifoliuyn.- 
I.  glabra   
/.  montana   
/.  opaca   
/.  verticUlata. 
I.  vomitoria.  .. 

Appalachian  Mountains 

Gulf  Coastal  Plain   

May-June 
Sept. .      winter-spring 19 

Mar.-June Fall       __   -. ..       -  do   

19 
May-June Sept.     16 

Apr. -June Sept.-Oct. March 10 
June-July do fall-winter 19 

Apr. -May  . do-       ... winter 

9,20 
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'mm 

0 

endosperm 

embryo 

directly.  Cutting  tests  give  good  estimates  of 
viability  {19).  Germination  capacities  of  70 
to  95  percent  have  been  reported  for  /.  glabra 
in  tests  that  ran  over  300  days  (7),  and  33  to 
56  percent  for  7.  opaca  in  tests  which  ran  21/2 
years  (3).  Test  periods  of  this  length  are  not 
practical,  and  research  is  needed  on  this 

problem. 
Nursery  practice. — Ilex  seeds  may  be  broad- 

cast or  sown  in  drills  in  fall  or  spring.  Sowing 
immediately  after  collection  has  been  recom- 

mended for  I.  glabra  (6)  and  7.  opaca  (1). 
Complete  germination  will  not  occur  until  the 
second  or  even  third  spring  (19).  Seeds  should 
be  covered  with  Vi^  to  1/2  inch  of  soil  (12,  19), 
and  fall-sown  beds  should  be  mulched.  Half- 
shade  is  recommended  for  7.  aqiiifolium  beds 
during  the  first  two  summers,  and  field  planting 
should  be  with  2-2,  2-3,  or  2-2-2  stock  (19). 
Propagation  of  Ilex  by  cuttings  is  very  common, 
especially  for  ornamental  varieties  (20). 

Figure  3. — Ilex  montana,  mountain  winterberry:  longi- 
tudinal section  of  a  nutlet  (pyrene),  14  X. 

have  an  endocarp  softer  than  those  of  the  other 
Ilex  species  (5).  Cold,  moist  stratification  can 
also  be  used  in  place  of  overwinter  storage  for 
seeds  planted  in  spring  sowings  (19).  More 
effective  methods  have  not  been  reported. 

Germination  tests. — Because  of  the  extremely 
slow  germination  of  Ilex  seeds,  there  is  no 
satisfactory   method   for   testing   germination 

Literature  and  Other  Data 
Sources  Cited 

(1)  Afanasiev,  M. 
1942.  Propagation  of  trees  and  shrubs  by 

seed.  Okla.  Agric.  Exp.  Stn.  Circ.  C-106. 
43  p. 

(2)  Barrett,  R.  E. 
1962.  Embrycgeny  of  Ilex  opaca  Ait.  Dissert. 

Abstr.  23:   1888. 

(3)  Barton,  L.  V.,  and  Thornton,  N.  C. 
1947.  Germination  and  sex  population  studies 

of  Ilex  opaca  Ait.  Contrib.  Boyce  Thompson 
Inst.  14:  405-410. 

Table  3. — Ilex:  height,  seed-bearing  age,  and  color  of  ripe  fruit 

Species 

Height 

at  ma- turity 

Year  of 

first 
cultivation 

Minimum 
seed-bearing 

age 

Color  of ripe 

fruit 

Data 
source 

Feet 

I.  aquifolimn        50-80 
/.  glabra    12 
7.  montana    40 
7.  opaca    100 
/.  verticillata    25 
I.vomitoria    .    10-25 

ancient  times 
1759  ,..     

Years 5-12 

1870   
1744     _. 
1736-...-     

'5 

light  red        i,13,19 
black            -       8,13,20 

orange-red,  rarely  yellow      13, 19,  20 
red,  rarely  orange  or  yellow  .   10, 11,  Ih,  19,  20 
red,  orange  or  yellow—      20 
scarlet  -         9,  H 

Table  4. — Ilex: cleaned  seeds  per  pound  and  other  yield  data 

Seeds  per 
100  pounds 

of  fruit 

Cleaned  seeds  per  pound Data 
Species 

Range                         Average                 Samples 
source 

7.  aquifolium  . 
I.  glabra   
7.  montana   
7.  opaca   
7.  verticillata. 
I.  vomitoria  -  - 

Pounds 

20-27 
11-20 

Number 

22,000-  36,350 
40,000-129,000 

Number 

57,000 
29,000 
35,000 
28,430 
92,000 
37,800 

Number 

1 
1 
1 
4 
4 
1 

17 
17 

19 

15,18,19 

17 

18 
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(4)  Broertzes,  C. 
1952.  Zaadonderzoek.  (Seed  germination.) 

Jaarb.  De  Proeftium  te  Boskoys.,  p.  31-32. 
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(6)  Hartmann,  Hudson  T.,  and  Kester,  Dale  E. 

1968.  Plant  propagation:  principles  and  prac- 
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(12)  Muir,  Joe. 
1965.  The  holly  growers.  Farm  Q.  20(4) :  44- 

45,  133-134. (13)  Rehder,  Alfred. 
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Juglandaceae — Walnut  family 

JUGLANS  L.  Walnut 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence,  and  use. — The  wal- 
nuts include  about  15  species  of  deciduous  trees 

or  large  shrubs  that  occur  in  the  temperate 
regions  of  North  America,  northwestern  South 
America,  and  from  noi'theastern  Europe  to 
eastern  Asia.  The  wood  of  most  species  is  used 

'  North  Central  Forest  Exp.  Stn. 

to  some  extent,  and  that  of  many  species  is 
highly  valued  for  cabinet  work,  gunstocks,  and 
interior  trim.  The  nuts  often  provide  food  for 
humans  as  well  as  for  wildlife.  Eight  species 
have  present  or  potential  value  for  planting  in 
the  United  States  (table  1).  Jugla)is  regia  is 
extensively  planted  for  nut  production  here 
and  in  other  countries.  Of  the  six  native  species, 

Table  1. — Juglans:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names  Common 
and  synonyms  names 

J.  ailantifolia  Carr    Siebold  walnut   
J.  sieboldimia  Maxim. 
J.  cordiformia  var. 

ailantifolia  (Carr.) 
Rehd. 

/.  californica  S.  Wats    California  walnut 

/.  cinera  L      butternut,  oilnut, 
Wallia  cinerea  (L.)  Alef.  white  walnut. 

Occurrence 

Uses' 

Data  compilers 
for  the  species 

.  hindsii  Jeps   
J.  californica  var. 

hindsii  Jeps. 
,  major  (Torr.)  Heller- 
J.  rupestris  Engelm. 

p.  major  Torr. 

/.  microcarpa  Berlandier. 
J.  nana  Engelm. 
J.  rupestris  Engelm.  ex 

Torr. 

J.  nigra  L       
Wallia  nigra  (L.)  Alef. 

/.  regia  L. 

Hinds  walnut, 
Hinds  black 
walnut  (SPN). 

Arizona  walnut, 
Arizona  black 
walnut  (SPN), 

nogal. 

little  walnut, 
Texas  black 
walnut  (SPN), 
nogal,  walnut, 
river  walnut 
Texas  walnut. 

black  walnut, 
eastern  black 
walnut  (SPN), 
American  walnut. 

Persian  walnut, 
English  walnut, 
Carpathian  walnut. 

Japan    H,  E Paul  0.  Rudolf. 

Coastal  southern  California 
(Santa  Barbara  County 
to  Orange  County). 

New  Brunswick  to  southern 
Ontario  and  southeastern 
Minnesota,  south  to 
northern  Arkansas,  east 
to  northern  Georgia  and 
western  South  Carolina. 

Central  California  ( Shasta 

County  through  Stanis- laus County). 

Centi'al  and  southwestern 
Texas  to  southeastern 
New  Merico  and  central 
Arizona,  south  to 
northern  Merico. 

Western  Oklahoma,  western 
and  southern  Texas  and 
southeastern  New  Mexico, 
south  to  northeastern 
Mexico. 

Western  Massachusetts, 
New  York  to  southern 
Minnesota  and  south- 

eastern South  Dakota, 
south  to  eastern  Texas, 
and  east  to  northwestern 
Florida  and  Georgia. 

Southeastern  Europe  to 
Himalayas  and  China. 

T,  H,  W,  E    Philip  M.  McDonald. 

T,  H  Robert  D.  Williams. 

T,  H,  E  Philip  M.  McDonald. 

T,  H,  E 

T, H,  S, E 

Robert  S.  Embry. 

Do. 

T,  H       Robert  D.Williams. 

T,  H   __ ...    Philip  M.  McDonald. 

'  T:  timber  production,  H:  habitat  or  food  for  wildlife,    W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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J.  nigra  is  most  widely  planted;  J.  cinerea,  J. 
Jiindsii,  and  /.  microcarpa  have  had  more 
limited  use  in  this  country- 

Geographic  races. — ^Three  distinct  geographic 
races  of  ./.  t'egia  are  recognized :  Turkestanian, 
Himalayan,  and  Central  Asian.  They  differ  con- 

siderably in  frost  hardiness.  Many  horticul- 
tural varieties  have  been  developed  of  this  and 

J.  ailantifoUa.  Less  information  is  available  for 
the  other  species,  but  experience  has  shown 
that  seedlings  of  ,/.  )ngra  survive  and  grow 
well  when  planted  within  the  area  where  the 
seed  was  collected  (7)  or  up  to  150  miles  north- 

ward (3). 

Flowering  and  fruiting. — The  male  and  fe- 
male flowers  are  borne  separately  on  the  same 

tree  but  mature  at  different  times  (15).  Male 
flowers  are  slender  catkins  that  develop  from 

axillary  buds  on  the  previous  year's  outer  nodes. 
Female  flowers  occur  in  few-  to  many-flowered 
short  terminal  spikes  borne  on  the  current 

year's  shoots.  These  flowers  appear  with  or 
shortly  after  the  leaves  (table  2).  The  ovoid, 
globose,  or  pear-shaped  fruits  ripen  in  the  first 
year.   The   fruit  is   a   nut  enclosed   in   an   in- 

dehiscent,  thick  husk  that  develops  from  a  floral 
involucre  (fig.  1).  The  nut  (fig.  2)  is  incom- 

pletely two-  or  four-celled,  and  has  a  bony, 
rugose  shell  (pericarp)  (fig.  3).  The  two-  to 
four-lobed  seed  remains  within  the  shell  dur- 

ing germination.  Available  data  on  seeding 
habits  of  eight  species  are  shown  in  table  3. 

Collection  of  fruits. — Walnut  fruits  are  col- 
lected from  the  ground  in  fall  or  early  winter, 

either  after  they  have  fallen  naturally  or  after 
they  have  been  knocked  from  the  trees  by  flail- 

ing or  shaking.  Mechanical  tree  shakers  often 
are  used  for  ./.  regia.  Collection  should  begin 
promptly  after  the  nuts  mature  in  the  fall  to 

J.  cinerea 
butternut 

% 

J.  nigra 
black  walnut 

J.  californica 
California  walnut 

J.  fiindsii 
Hinds  walnut 

J.  microcarpa 

little  walnut 

J.  cinerea 
butternut 

^^■-f^^ 

J.  nigra 
black  walnut 

Figure  1. — Juglans:  nuts  enclosed  in  their  husks,  1  X. Figure  2. — Juglans:  nuts  with  husks  removed,  1  X. 
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Table  2. — Juglans:  phenology  of  flowering  and  fruiting 

Species Flowering  dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

J.  ailantifolia  '    May  to  June    Aug.  to  Oct.- 
J.  californica    March  to  April    Fall     
J.cinerea        April  to  June      Sept.  to  Oct.... 
J.  hindsii      April  to  May    Aug.  to  Sept.. 
J.  major         Spring          
J.  microcarpa       March  to  April    Aug.  to  Sept.. 
J.  nigra              April  to  June    Sept.  to  Oct.... 
J.  regia      March  to  May    Sept.  to  Nov... 

October   
Fall.-   

Sept.  to  Oct. 
Sept.  to  Oct. 

Fall   
Oct.  to  Nov. 
Fall   

1,32 
16 
8 

16 

U 

27 

Jf,  13,18 

27 

'  Dates  are  for  Japan  and  Massachusetts. 

prevent  excessive  losses  to  squirrels  or  other 
animals.  Husks  turn  brownish  to  black  when 
ripe.  Thrifty  /.  cinerea  trees  will  yield  from 
one-fourth  to  1  bushel  of  clean  nuts,  and  /.  nigra 
trees  may  produce  several  bushels  of  fruit. 
Yield,  size,  and  number  of  fruits  per  pound 
vary  considerably  among  species  (table  4). 
Three  bushels  of  J.  nigra  fruit  yield  about  1 
bushel  of  sound  seed  {23).  Similar  yields  are 
reported  for  J.  hindsii  (16). 

Extraction  and  storage  of  seeds. — Nuts  are 
easy  to  extract  when  the  husks  are  in  an  early 
stage  of  softening;  i.e.,  firm  but  slightly  soft. 
In  a  later  stage,  the  husks  become  mushy  and 
cannot  be  removed  completely.  If  husks  are 
allowed  to  dry  thoroughly,  they  become  very 
hard  and  removal  is  not  feasible.  In  the  slightly 
soft  stage,  husks  can  be  removed  by  hand  or  by 
running  the  fruits  through  a  corn  sheller,  but 
mechanical  hullers  are  more  efficient  for  clean- 

ing large  quantities  of  seed.  After  cleaning, 
unfilled  seeds  can  be  separated  by  floating  them 
in  water  (23).  Seeds  enclosed  in  their  husks 
will  germinate,  but  most  nurseries  find  it  easier 
to  control  seedling  density  with  cleaned  seeds. 
Husking  is  necessary  if  seeds  are  to  be  treated 
with  a  fungicide. 

r50r 

L-O 

Figure  3. — Juglans  cinerea,  butternut:  longitudinal  sec- 
tion through  a  nut,  1  X. 

Seed  of  most  species  can  be  stored  with  or 
without  their  husks.  Juglaiis  ailantifolia,  J. 
cinerea,  and  /.  microcarpa  seeds  can  be  stored 
for  long  periods  at  relative  humidities  of  80  to 

90  percent  and  temperatures  of  34°  to  38°  F. (12,  27).  Cleaned  J.  nigra  seed  with  a  moisture 

Table  3. — Juglans:  height,  seed-hearing  age,  seed  crop  frequency,  and   fruit  ripoiess  criteria 

Height 

at  ma- turity 

Year  of 

first 

culti- vation 

Seed-bearing 
age 

Interval  between 
large  seed  crops 

rp-    „         Data 

T™e        source 
Fruit 

ripeness  criteria 

Species 
Preripe 

color 

Ripe 

color Mini- mum 

Data 

source 

Data 

source 

J.  ailantifolia 

Feet 
...       65 
...       40 

100 

1860    -   
1889..   _. 
1633   

1878   

1894...   
1868   
1686 

Long  cul- tivated. 

Years 
10 

.     5-8 

20 
9 

20 
12 

8 

1 
16 
6 

16 

27 

11 
16 

Years 
1-3 

2-3 

2-3 

1 

6 
3U .J.  californica 

J .  cinerea Light  green     .. 

Greenish- bronze. 

Light  yellow 

green. 

.   Dark  brown 

Greenish 
brown. 

Dark  brown 
to  black. 

16 

J.  hindsii   

J .  major  . 

_.-       80 

...        50 
20 

. .      150 
90 

26 

16 

J.  microcarpa 
J.  nigra.     
J.  regia         , 

Light  green   

Light  yellow- ish green. 

Yellowish 

green. 

Black 

26 

16 
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J.  ailantifolia 
J.  calif oryiica 
J.  cinerea   
J.  hindsii  _ 
J.  major   
J.  microcarpa 
J.  nigra 
J.  regia.      

JUGLANS 

Table  4. — Juglans:  cleaned  seeds  per  pound  and  other  yield  data 

Place  of  collection 
Fruits 

per 

bushel 

Seeds  Seeds 
per  100  per 
pounds  bushel 
of  fruit  of  fruit 

Cleaned  seeds  per  pound 

Range        Average      Samples 

Japan   
California. 

Shasta  Co.,  Calif.... 
Coconino  Co.,  Ariz. 

;;alifornia 

60-80 

70 

30-75 50 
15-40 

30 
29-80 

45 

77-102 

90 
78-107 92 11-100 

40 

30-50 

40 

Data source 

Pounds  Pounds       Pounds         Number      Number       Number 
2  1 
2  26,29 

25.0  -  15-40  30  13  27 
36.3  34.5  12.5  29-80  45  8  16,27 10  9,28 

2  27 
'44  30-65  .  11-100  40  20+  2,27,33 

10+  19,27 

Nuts  without  husks. 

content  of  20  to  40  percent  were  stored  suc- 
cessfully at  37°  F.  for  a  year  in  plastic  bags 

{31)  and  seed  with  50  percent  moisture  in  a 
screen  container  were  buried  in  an  outdoor  pit 
for  4  years  without  significant  loss  in  germina- 

tion capacity  (30). 

Pregermination  treatment. — Natural  germi- 
nation usually  occurs  in  the  spring  following 

seed  fall.  Seed  of  most  Juglans  species  have  a 
dormant  embryo  and  the  native  species  also 
have  a  hard  seedcoat.  Dormancy  can  be  broken 

by  stratification  at  temperatures  of  34°  to  41° 
F.  (table  5).  In  the  case  of  /.  ailantifolia,  how- 

ever, water  soaking  is  adequate  {!).  In  practice, 
walnut  seeds  are  either  sown  in  the  fall  soon 
after  collection  or  stratified  outdoors  over  win- 

ter in  moist  sand  covered  with  at  least  2  feet  of 

soil  or  mulch.  Screening  is  nearly  always  neces- 
sary to  exclude  rodents,  and  a  fungicide  often 

is  applied  to  prevent  disease  during  stratifica- 
tion. Small  lots  of  seed  may  be  stratified  in 

plastic  bags,  moist  peat,  or  sand  at  34°  to  41°  F. 
for  90  to  120  days. 

Germination  tests. — Germination  of  stratified 
walnut  seed  has  been  tested  in  sand  flats,  peat 

mats,  or  soil  (table  5).  Light  is  not  needed  dur- 
ing testing.  Properly  stratified  seeds  usually 

germinate  within  4  weeks,  but  much  variation 
among  seed  lots  can  be  expected.  Examples  of 
test  results  are  included  in  table  5. 

Nursery  practice. — Unstratified  nuts  may  be 
sown  in  the  fall  soon  after  collection,  usually 
with  the  husks  removed.  A  hot  water  treatment 
preceding  fall  sowing  of  /.  hindsii  has  been 
used.  Seeds  of  this  species  were  soaked  in  water 

at  190'  F.  for  IV2  to  2  minutes  (25).  To  pre- 
vent alternate  freezing  and  thawing,  the  seed- 
beds are  mulched  with  sawdust,  marsh  hay,  or 

straw.  The  heavier  mulches  must  be  removed 

when  germination  begins  in  the  spring.  Strati- 
fied seeds  have  been  spring-sown.  Some  nur- 

series broadcast  the  seed  on  rototilled  beds  and 
press  the  seeds  into  the  ground  with  rollers, 
but  the  usual  practice  is  to  hand  sow  seeds 
close  together  in  drill  marks  with  a  spacing 
of  about  15  seeds  per  square  foot.  Heavier 
seeding  rates  produce  more  seedlings  per  bed 
but  many  trees  will  be  too  small  to  grow  well 
after  fipld  planting.  For  J.  nigra,  a  seedling 
density  of  eight  per  square  foot  seems  best  (23). 

Table  5. — JugloMs:  stratification  period,  germination  test  conditions  and  residts 

Cold              Germination  test  conditions  ̂             Germinative  Geiminative 

Species                       ̂ "'''""             ̂ "''^                Temperature                 D^ra-  energy  capacity              pu,.ity fication  light        rr   -..   .  ̂          ^.   
period  1            period             ̂ ^               Night               tion  Amount       Period  Average     Samples 

Days             Hours            "F.                  °F.                Days  Percent         Days  Percent     Number  Percent 

J.  ailantifolia  \_                 0         .._.             ...             ..                 42  ....           ..._  75             3 
J.californica                156                                           ..                  30  -.-               .  58              3+        . 
J.  cinerea         90-120           8+         86             68         50-80  54           58  65             7           96 
J.  hindsii    ...              156                          86              68                30+  _              ..  41              4 
J.  major                       120-190            8+          86              68                49  10           28  64              5 
J.  microcarpa      ..              190                          86              68         30-60  68           14  46              7           94 
J.  nigra                  90-120           8+          86              68          15-40  60           24  50            14+        87 
J.regia                30-156            .             86             68               40  82  4       (High) 

J^  Stratification  temperatures  ranged  from  34°  to  41°  F. 
■  Test  media  were  soil  or  sand. 
'  Seeds  were  soaked  in  water  for  10  days  before  sowing  {1). 

Data 

source 

1 

22, 26, 
22, 

22 

22 

26, 
21, 27 

27 

28 

27 

27,33 
22,27 
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Seeds  should  be  covered  with  1  to  2  inches  of 
nursery  soil;  screening  against  rodents  may 
be  necessary,   especially  for  fall-sown   seeds. 

J.  hiudsii  seeds  often  are  sown  directly  into 
growing  beds  with  the  seedlings  thinned  to  leave 
8  inches  between  plants  in  the  row.  A  special 
technique  is  used  in  some  nurseries:  (a)  Un- 
hulled  nuts  are  air-dried  to  reduce  moisture  to 
about  50  percent  and  kept  outdoors  until  Jan- 

uary; (b)  the  partially  dried  nuts  then  are  put 

into  "sprout  beds"  containing  as  many  as  three 
layers  of  nuts  with  an  inch  of  sand  below  and 
an  inch  of  vermiculite  above  each  layer;  (c) 
about  March  15,  the  beds  are  opened  up  and  the 
sprouted  nuts  are  hand-transferred  to  growing 
beds  in  rows  spaced  5  feet  apart  with  the  nuts 
8  inches  apart  in  the  row  (17). 

Many  nurseries  fumigate  seedbeds  with 
methyl  bromide  to  control  insects  and  diseases. 
Because  this  also  destroys  beneficial  soil  or- 

ganisms, new  pathogens  introduced  in  sterile 
beds  may  develop  unchecked.  For  this  reason, 
Indiana  State  Nurseries  treat  walnut  seeds 
with  a  4-  to  6-percent  solution  of  captan  just 
before  sowing  in  sterilized  seedbeds   (20). 

Root  pruning  at  a  depth  of  8  to  10  inches 
sometimes  is  used  to  produce  a  more  compact 
root  system.  Some  nurseries  successfully  regu- 

late length  of  the  taproot  by  controlling  irriga- 
tion. Seedlings  usually  are  outplanted  as  1-0 

stock;  larger  trees  may  be  grown  for  special 

purposes. Nursery  practices  are  summarized  in  table  6 
for  six  species  of  walnut. 

Table  6. — Juglans:  nursery  practice 

Species Stratification ' Seed- 
Season        lings 

for            per 
sowing      square foot 

Sowing 

depth 
Mulch 

Type Depth 

Tree 

per- 

cent 

Out- 

planting 
age 

Data 

Medium Time source 

J.  californica  _ Peat- 
Sand 

Days 

150 
30-90 

90-150 

90-150 30  + 

Number 
Spring 
Spring 
Fall   
Fall               6-8 
Spring   

Fall             4-10 
Spring            10 
Spring 

Ivches 
2 1-2 

1-2 
1 
2 

1-2 1-2 

2 

Inches 

1 

i 

1 

50 

50 
30 

80  + 

Years 

1-0 
1-0 

1 
1-0 

1-0 
1-0 
1-0 

22 
,/.  cinerea 

J.  hindsii " 

Sawdust   
None    
Vermiculite  . 

2U 

2U 

25 
J.  7nicrocarpa^ Sand  or 

peat. 

Sand       ' 
.  Sand 

10 

J.  nigra    Sawdust   

5,23 20,30 J.  regia..   

25 '  Outdoors  during  the  winter  or  in  a  cold  room  at  37°  to  41°  F. 
'  Seeds  were  soaked  in  water  at  190°  F.  for  1%  to  2  minutes  before  sowing. 
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JUNIPERUS 

Cupressaceae — Cypress  family 

JUNIPERUS  L.  Juniper 

Thomas  N,  Johnsen,  Jr.,i  (ARS)  and  Robert  A.  Alexander^ 

Growth  habit,  occurrence,  and  use. — The  juni- 
pers include  about  50  to  70  species  of  evergreen 

trees  or  shrubs,  widely  distributed  throughout 
the  temperate  and  subtropical  regions  of  the 
Northern  Hemisphere  and  south  of  the  equator 
in  Africa.  Thirteen  species  are  native  to  the 
United  States  (33).  Juniperus  virginiana  is  the 
most  widespread  and  commonest  juniper  in  the 
eastern  United  States,  and  /.  scopulorum  and  J. 
osteosperma  are  the  commonest  western  juni- 

pers. Eleven  species  are  considered  here  (table 
1). 

All  of  the  native  junipers  are  valuable  orna- 
mental plants,  and  many  horticultural  varieties 

have  been  developed.  Several  species  such  as  /. 
chinensis  have  also  been  introduced  into  the 
United  States  as  ornamentals.  Many  junipers 
are  so  similar  in  appearance  that  most  people 

'  USDA  Agric.  Res.  Serv. 
-  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 

do  not  readily  distinguish  between  species  or 
varieties.  Of  the  species  in  table  1,  J.  virginiana 
and  /.  scopulorum  are  the  most  widely  used  for 
reforestation  and  shelterbelt  and  wildlife  plant- 

ings. The  close-grained,  aromatic,  and  durable 
wood  of  tree  species  has  been  used  for  furniture, 
interior  paneling,  novelties,  posts,  poles,  fuel, 
and  charcoal  {18,  31).  The  fruits  and  young 
branches  of  some  species  contain  an  aromatic  oil 
used  in  medicines  and  the  manufacture  of  alco- 

hol (60).  Because  of  the  encroachment  of  juni- 
pers onto  range  and  pasture  lands,  particularly 

in  the  West,  considerable  effort  has  been  di- 
rected toward  their  control  {20,  21,  23,  U,  68). 

Genetic  variation  and  hybridization. — There 
is  considerable  variation  in  the  growth  habit  and 
appearance  within  species,  particularly  the 
horticultural  varieties  developed  as  orna- 

mentals. Marked  diiferences  have  been  noted  in 
color,  crown  form,  grov^h  rate,  and  disease 
resistance  in  /.  virginia^ia  {7,  39,  5J^) ;  J.  scopu- 

Table  1. — Juniperus:  nomenclature,  occurrence,  and  uses;  data  compiler's 
Scientific  names Common 
and  synonyms names 

J ashei  Buchholz     
J.sabinoides  (H.B.K.) 

Nees. 
J.  mexicana  Spreng. 
J.  monticola  Martinez. 

Ashe  juniper, 
mountain  cedar, 
rock  cedar, 
Mexican  juniper. 

J californica  Carr   
Sabina  calif ornica  (Carr.) 

Ant. 

-  California  juniper, 

desert  white- 
cedar. 

J communis  L   
J.  ribirica  Burgsd. 

common  juniper, 
dwarf  juniper, 
prostrate  juniper 

Occurrence 

Uses' 

Data  compilers 
for  the  species 

deppeana  Steud...     
J.  mexicana 

....  alligator  juniper, 
checkered-bark 

Schiede  and  Deppe. 
J.  pachypkloea  Torr. 
J.  deppeana  var. 

pachypkloea  (Torr.) 
Martinez. 

juniper,  western 
juniper  (lumber) 

Southern  Missouri,  north- 
ern Arkansas,  north- 

eastern and  southern 
Oklahoma,  central  and 
Trans-Pecos  Texas,  and 
Mexico. 

Southwestern  Oregon, 
northern  California  to 
Baja,  California, Mexico. 

Greenland,  Newfoundland, 
and  Labrador  to  north- 

west Alaska, south  in 
the  United  States  from 
Washington,  Montana, 
North  Dakota  and 
Minnesota  to  California, 
Arizona,  New  Mexico, 
Georgia,  and  South 
Carolina.  Also  in  Europe 
and  Asia. 

Trans-Pecos  Texas  to 
western  New  Mexico, 
and  central  Arizona 
and  south  to  northern 
and  central  Mexico. 

T,  S    E.  R.  Ferguson. 

H,  W,  E        Richard  L.  Hubbard. 

H,  E     Paul  O.  Rudolf. 

T,  S...      Thomas  N.  Johnsen,  Jr. 

T :  timber  production,  H :  habitat  or  food  for  wildlife,  W :  watershed,  S :  shelterbelt,  E :  environmental  forestry. 
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Table  1. — Jimiperus:  nomericlature,  occurrence,  and  uses;  data  compilers — Continued 

Scientific  names 
and  synonyms 

Common 
names Occurrence Uses Data  compilers 

for  the  species 

T,  S      Thomas  N.  Johnsen,  Jr. ,  ntonosperina  (Engelm.) 
Sarg. 

J.  Occident alis  var. 
monosperma  Engelm. 

Sahina  monosperma 
(Engelm.)  Rybd. 

J.  mexicana  var. 
monosperma  (Engelm.) 
Cory. 

J.  texensis  Van  Melle. 
,  occidentalis  Hook.        
Sahina  occidentalis 

(Hook.)  Ant. 

J.  osteosperma  (Torr. ) 
Little. 

Sahina  osteosperma 
(Torr.)  Ant. 

J.  californica  var. 
utahensis  Engelm. 

J.utahensis  (Engelm.) 
Lemm. 

/.  pinchotii  Sudw   
J.  monosperma  var. 

pinchotii  (Sudw.) 
Van  Melle. 

.  scopuloruni  Sarg   
J.  virginiana  var.  montana 

Vasey. 
J.  virginiana  var. 

scopulorum  Lemm. 
J.  scopulorum  var. 

columnaris  Fassett. 

one-seeded  juniper, 
cherry  stone 
juniper,  redberry 
juniper,  West Texas  juniper, 
sabina. 

western  juniper, 
Sierra  juniper. 

Utah  juniper, 
bigberry  juniper, 
western  juniper 
(lumber),  sabina. 

Pinchot  juniper, 
redberry  juniper. 

Rocky  Mountain 
juniper.  Rocky 
Mountain  red- 
cedar,  redcedar, 
river  juniper. 

J.  silicicola  (Small)  Bailey 
J.  virginiana  var. 

hermudiana  Vassey. 
Sabina  silicicola  Small. 

southern  redcedar, 
eastern  redcedar. 

/.  virginiana  L    eastern  redcedar, 
Sabina  virginiana  (L.)  red  juniper,  savin. 

Ant. 
J.  virginiana  var. 

creba  Fern,  and  Griscom. 

Colorado,  Utah,  Nevada 
south  to  southeast 
Arizona,  southern  New 
Mexico,  Trans-Pecos, 
central,  and  northwest 
Texas,  and  northern 
Mexico. 

Western  Montana,  Idaho, 
and  Washington  south 
to  Oregon, southern 
California  and  western 
Nevada. 

Southern  Idaho  and 
Nevada  and  southwest 

Wyoming  south  to  east- ern and  southeastern 
California,  central 
Arizona,  and  western 
New  Mexico 

central  to  northwestern 
and  Trans-Pecos  Texas, 
southwestern  Oklahoma 
and  southeastern  New 
Mexico. 

Northwestern  to  south- 
eastern Alberta,  eastern 

and  southern  British 
Columbia,  south  to 
western  North  Dakota 
and  Montana,  Wash- 

ington, eastern  Oregon, 
Nevada,  Colorado, 
South  Dakota,  Ne- 

braska, to  southern 
Arizona,  New  Mexico, 
and  Trans-Pecos  and 
northwestern  Texas. 

Southeast  North  and 
South  Carolina  to  south 
and  central  Florida, 
west  to  southern  Mis- 

sissippi and  southeast Texas. 

Southwest  Maine,  west 
to  northern  New  York, 
southern  Quebec,  On- 

tario, Michigan,  Wis- 
consin, Minnesota  to 

southwestern  North 
Dakota,  south  to  west- 

ern Kansas,  Oklahoma, 
to  central  Texas  and 
east  to  Georgia. 

T,  H,W,  E  E.  L.  Wowat. 

T,  H,  S  Thomas  N.  Johnsen,  Jr. 

H,W,  E        R.  A.  Read. 

T,  S,  E Thomas  N.  Johnsen,  Jr. 

T,  H,  W,  E 

T, H,  S, E 

E.  L.  Mowat. 

Lerov  Jones. 

T:  timber  production,  H:  habitat  or  food  for  wildlife,    W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 

Icn-um  (63),  J.  occidentalis  (30,  35),  and  J.  com- 
munis (33).  Hybridization  has  been  reported 

for  a  number  of  junipers.  Included  are  crosses 
between  /.  virginiana,  J.  scopulorum,  and  J. 
horizontalis  (13,  15,  53,  63,  66)  ;  between  /. 
scopidorum  and  J.  deppeana  (67) ;  and  between 
J.  ashei  and  /.  pinchotii  (16).  Analyses  of  the 

oils  of  western  junipers  indicate  that  a  number 
of  subspecies  and  intermediate  forms  exists 
(6i). 
Flowering  and  fruiting. — The  small,  incon- 

spicuous flowers  are  borne  in  the  spring  on  the 
ends  of  short  branchlets  or  along  the  branchlets. 
The  flowers  are  dioecious  or  occasionally  monoe- 
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cious  in  J.  tnonospenna  and  J.  occidentalis.  The 
male  flowers  are  yellow  and  form  a  short  catkin ; 
the  greenish  female  flowers  are  composed  of  3  to 
8  pointed  scales,  some  or  all  of  which  bear  1  to 
2  ovules.  Scales  of  the  female  flowers  become 
fleshy  and  fuse  to  form  small,  indehiscent  stro- 

bili  commonly  called  "berries"  (fig.  1)  that  ripen 
the  first,  second,  or  occasionally  the  third  year, 

depending  upon  the  species  (table  2).  Immature 
berries  are  usually  greenish ;  ripe  berries  are 
blue  black  to  red  brown,  and  usually  covered 
with  a  conspicuous  white,  waxy  bloom  (table  3). 
The  fruit  coat  may  be  thin  and  resinous  as  in 
/.  virginiana,  J.  scopulorum,  and  J.  mono- 
sperma,  or  nearly  dry  and  leathery  or  mealy  as 
in  /.  deppeana  and  /.  osteosperma. 

Table  2. — Juniperus:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

J.  ashei..   
./.  communis. 

Jan.  to  April.. 
April  to  May. 

J.  deppeana.  ...^ 

J.  monosperma. 

J.  occidentalis 

J.  osteosperma 

J.  pinchot.ii   

./.  scopulorum  . 

J.  silicicola      
•7.  virginiana  . 

Feb.  to  March 

Arizona      March  to  April 

Oregon    Mid-April  to mid-May. 

Arizona  March  to  April 

Texas       Oct.  to  Nov.  ... 

Mid-April  to 
mid-June. 

Jan.  to  Feb. 
Mid-March  to 

mid-May. 

South  Carolina 
Nebraska 

Sept.  to  Nov   
Aug.  to  Oct. 

(second  to  third 

year). Aug.  to  Oct. 
(second  year). 

Aug.  to  Sept. 

Mid-Sept.       

Sept.  (second 

year). Oct.  to  Nov. 
(second  year). 

Mid-Sept,  to 
mid-Dec. 

Oct.  to  Nov. 

Sept.  to  Nov.  .  . 

Fall-winter    60 
Persists  for  2  years    51,  60,  65 

Persists  for  2  seasons 60 

Oct.  to  Nov.  24,  60 

(persists  1-2  years). 
Persists  for  2  years  41,60 

Persists  for  2  years  24,  25,  60 

Year  round    28,62,68 

6,  60 

October  (persists 2-3  years). 

Feb.  to  March 
(first  year). 

49 

42,  60 

Table  3. — Juniperus:  height,  seed-hearing  age,  seed  crop  frequeyicy,  ayid  fruit  ripeness  criteria 

Species 
Height 

at  ma- turity 

Year  of 
first 

culti- vation 

Seed-bearing  age 

Mini- 
mum 

Data 
source 

Interval  be- tween large 
seed  crops Fruit  ripeness  criteria 

Time 
Data 

source 

Preripe 

color 

Ripe 

color 

Data 

source 

J.  ashei   
J.  calif ornica... 

J.  communis   

J.  deppeana   

J.  monosperma 

J.  scopulorum 

Feet 

10-20 3-15 

2-50 

10-65 

10-25 

J.  occidentalis  .  15-30 

J.  osteosperma  15-40 

J.  pinchotii    3-18 

20-50 

J.  silicicola        Up  to  25 
J.  virginiana..  30-100 

1925 

1560 

1873 

1900 

1840 

1900 

1936 

1664 

Years 
20  60 

34 

51 

Years 

Irreg- ular 

32,60 

10-20         32, 40,  60       2-5 

51,60 

.   .  51,  60 

10-20  28,68 

10-20  6,  60 

66 
10         42,51 

Green    Deep  blue 
Bluish  with  Reddish  brown 

dense  bloom. 

44         Red    Bluish  to 
black, 

glaucous. Green    Bluish  or  red- dish brown, 

glaucous. 41         Green  with  Copper  to  dark 

waxey  blue  with 
bloom.  white  waxey 

bloom. 

Green-blue  Bluish  black, 

glaucous. 2  64         Green         Reddish  brown, 

glaucous. Green  with  Copper  to  red 
light  bloom.  to  reddish 

brown. 
2-5  6  Green  with  Blue  with 

bloom.  white  waxey bloom. 

Green      Dark  blue   

2-3  43         Green    Blue     

60 

34 

51 

32 

51 

51 

47 

51 

66 

51 
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J.  ashei 
Ashe  juniper 

J.  californica 
California  juniper 

J.  deppeana 
alligator  juniper 

J.  occidentalis 
western  juniper 

J.  pinchotii 
Pinchot  juniper 

J.  scopulorum 
Rocky  Mountain  juniper 

J.  silicicola 

southern  redcedar 
J.  virginiana 
eastern  redcedar 

Figure  1. — Juniperus:  strobili    (berries),  3  X. 

There  are  usually  1  to  4,  rarely  as  many  as  12, 
brownish  seeds  per  fruit.  The  seeds  are  rounded 
or  angled,  often  with  longitudinal  pits  (fig.  2). 
The  seedcoat  has  two  layers,  the  outer  layer 
thick  and  hard,  the  inner  thin  and  membranous 
(45)  (fig.  3).  Embedded  within  the  fleshy, 
white-  or  cream-colored  endosperm  is  a  straight 
embryo  with  2  to  6  cotyledons.  Many  seeds  from 
a  given  tree  may  contain  no  endosperm  or  em- 

bryo. Junipers  begin  bearing  seed  when  about 

10  to  20  years  old  (table  3).  Seeds  ai-e  dispersed 
in  the  fall,  usually  by  birds,  but  the  ripe  fruits 
will  persist  on  the  plant.  Heavy  seed  crops  are 
irregular,  but  some  seeds  are  produced  nearly 
every  year. 

Collection  of  fruits. — Juniper  berries  are  usu- 
ally collected  in  the  fall  by  stripping  or  picking 

by  hand  directly  into  bags  or  baskets,  or  by 
shaking  or  flailing  the  fruits  from  the  plant  onto 
a  canvas  spread  on  the  ground.  The  larger  fruits 
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JUNIPER  US 

^*S<iy> 

J.  ashei 
Ashe  juniper 

J.  californica 
California  juniper 

J.  communis 
common  juniper 

g^   ̂    ̂  
J.  deppeana 
alligator  juniper 

J.  monosperma 
one-seed  juniper 

J.  occidentalis 
western  juniper 

J.  osteosfjerma 
Utah  juniper 

• 

J.  pinchotii     ' Pinchot  j'uniper 

J.  scopulorum 
Rocky  Mountain  juniper 

# 

|0U 

J.  silicicola 

southern  redcedar J.  Virginians 
eastern  redcedar 

Figi;re  2. — Juniperus:  seeds,  3  X. 

such  as  those  from  J.  deppeayia  and  /.  osteo- 
sperma  may  be  picked  up  from  the  ground  i2Jf, 
60).  Care  should  be  taken  to  avoid  collecting 
from  plants  with  large  numbers  of  green  im- 

mature berries  because  they  are  difficult  to 
separate  from  the  mature  berries.  Since  the 
number  of  filled  seeds  varies  widely  from  tree 
to  tree,  cutting  tests  should  be  made  with  each 
tree  to  determine  the  percentage  of  filled  seed. 
Although  in  some  species,  collection  can  be  de- 

layed over  much  of  the  winter,  it  is  better  to 
collect  the  fruit  as  soon  as  possible  after  ripen- 

ing to  reduce  losses  to  birds  and  animals.  If 
freshly  collected  fruits  are  to  be  stored,  they 
should  be  spread  out  in  a  well-ventilated  area  to 
avoid  over-heating  as  they  cure  {If3).  Seeds  may 
be  stored  either  as  dried  fruits  or  as  cleaned 
seeds  {60). 

Extraction    and    storage    of    seeds. — After 
twigs,  leaves,  and  other  debris  have  been  re- 

464 



JUNIPERUS 

r5, 

LO 

Figure  3.- — Juniperus  scopulorum,  Rocky  Mountain  juni- 
per: longitudinal  section  through  a  seed,  12  x. 

moved  by  fanning,  the  seeds  can  be  extracted  by 
running  the  fruit  through  a  macerater  such  as 
the  Didvig  seed  cleaner  with  water  and  floating 
the  pulp  and  empty  seeds  away  (22,  42,  56,  60). 
Dried  fruits  should  be  soaked  in  water  several 

hours  before  macerating.  In  species  with  resin- 
ous fruits,  soaking  in  a  weak  lye  solution  for 

1  to  2  days  helps  to  separate  the  oily,  resinous 
pulp  from  the  seeds,  and  aids  further  washing, 
floatation,  and  stratification  {22,  60).  After  the 
lye  treatment  the  mass  should  be  placed  on 
screened  trays  and  washed  thoroughly  to  re- 

move the  lye.  Since  juniper  seeds  are  hard,  there 
is  little  damage  to  them  from  maceration  {69). 
After  the  seeds  have  been  separated  from  the 
pulp,  they  should  be  dried  and  fanned  to  remove 
the  remaining  trash.  The  seeds  are  then  ready 

for  use  or  storage.  Seed  yields  and  number  of 
seeds  per  pound  are  listed  in  table  4. 

Juniper  seeds  should  be  stored  dry  in  sealed 
containers  at  20°  to  40°  F.  {26,  h2,  55,  56).  A 
moisture  content  of  10  to  12  percent  is  con- 

sidered satisfactory  for  long-term  storage  of  J. 
scopulorum  and  /.  virginiana  {56).  Juniper 
seeds  retain  some  viability  for  long  periods  in 
storage.  Seeds  of  ,/.  ashei  stored  in  a  bag  at 

about  40°  F.  and  high  humidity  retained  about 
half  their  original  viability  after  4  years  {60). 
J.  scopulorum  seeds  stored  in  sealed  containers 
at  50°-65"  F.  both  as  dried  fruit  and  cleaned 
seed  showed  about  30  percent  germination  after 

31/2  years  {60).  The  seeds  of  J.  osteosperma,  J. 
monosperma,  and  /.  deppeana  stored  dry  in 
sealed  bags  or  jars  at  room  temperature  for  45, 

21,  and  9  years,  respectively,  showed  a  germi- 
nation of  17,  51,  and  16  percent  {22). 

Pregermination  treatments  and  germination 
tests. — Germination  is  delayed  in  most  junipers 
because  of  embryo  dormancy,  and  also  in  some 
cases  by  an  impermeable  seedcoat,  or  inhibitors 
in  the  fruit  and  seedcoat  {23,  56,  58,  60). 

Various  pretreatments  have  been  tried  to  in- 
crease germination.  The  most  common  for  seeds 

of  J.  ashei,  J.  deppea)ia,  J.  monosperma,  and  /. 

virginiaiia  is  cold  stratification  at  41°  F.  for  30 
to  120  days  (.9,  42,  56,  58).  However,  some  seed 
lots  of  J.  deppeana  and  J.  monosperma  germi- 

nated without  stratification  {22,  29,  36,  52). 

Below-freezing  temperatures  during  stratifica- 
tion have  either  arrested  germination  in  after- 

ripened  seeds  of  J .  vircilniana  for  as  long  as  3 
months,  or  damaged  the  germinating  seeds  so 
that  they  did  not  completely  emerge  after  strati- 

fication {1,  2,  4).  Seeds  of  ./.  communis,  J.  osteo- 
sperma, and  /.  scopulorum,  and  possibly  J. 

occidoitalis,  need  warm  stratification  at  68° 
(night)  and  86°  F.  (day)  for  45  to  90  days, 
followed  by  cold  stratification  to  induce  germi- 

Table  4. — Juniperus:  cleaned  seeds  per  pound  and  other  yield  data 

Species 
Place  of 

collection  ^ 

Seed  yield  per 
100  pounds  of fruit 

Cleaned  seeds  per  pound 

Yield 
Data 
source 

Range 
Average  Samples 

Data 
sources 

J.  ashei     
J.  communis   
J.  deppeana   
J.  monosperma 
J.  occidentalis  - 
J.  osteosperma 
J.  pinchotii 
J.  scopulorum... 
J.  virginiana.. 

Ariz. 
Ariz.,  N.  Mex. 
Ore   
Ariz.    
Sonora,  Tex. 
Ariz.     
Great  Plains 

Pounds 
13 16 

36 
15 
20 
25 19 

11-28 
14-18 

60 
60 

60 60 
8 
60 
50 

2 J,,  55 

42,  55 

Nu77i  her 

25,450-54,500 
9,000-15,600 

15,260-20,000 
8,000-15,860 
3,600-  7,100 
9,650-13,900 

17,850-42,100 
37,000-55,000 

Number 

10,100 

36,500 12,820 
18,300 
12,300 

4,950 10,990 

27,100 43,600 

Number 

1 
8 
5 

10 

3 
15 
2 

36 
34 

60 
57,  60,  65 

2U 

2 J,,  29,  60 

8,  60 

2h,  60 

50 

2U,  55,  60 

24,55 
For  samples  used  in  determining  number  of  seeds  per  pound. 
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nation  {19,  56,  60).  Untreated  seeds  of  /.  scopu- 
lorum  may  require  as  long  as  14  to  16  months  to 
germinate  (3).  Seeds  of  J.  pinchotii  that  were 
soaked  for  45  minutes  in  concentrated  sulfuric 
acid  had  a  germination  capacity  slightly  higher 
than  that  of  seeds  subjected  to  warm  and  cold 
stratification  (61).  Germination  of  stratified 
seeds  of  J.  virginiana  was  improved  by  soaking 
them  in  a  1  percent  solution  of  citric  acid  for  4 
days  preceding  the  start  of  cold  stratification 
{11).  Germination  capacities  for  various  pre- 
treatments  and  test  conditions  are  given  in  table 
5.  Germination  is  epigeal. 

Nursery  practices. — Juniper  seeds  are  usually 
sown  in  the  nursery  in  the  late  summer  or  fall, 
but  may  be  sown  in  the  spring  or  early  summer 
{17,  37,  U2,  55,  56,  60).  The  seeds  of  /.  ashei,  J. 
deppeana,  J.  monosperma,  J.  silicicola,  and  J. 
virginiana,  which  frequently  have  dormant  em- 

bryos, should  be  fall  sown  or  cold  stratified  and 
either  fall  or  spring  sown  {55,  56,  60).  Germina- 

tion occurs  in  the  spring.  The  seeds  of  J.  com- 
mtmis  J.  occidentalis,  J.  pinchotii,  J.  osteo- 
sperma,  and  /.  scopulorimi,  which  may  also  have 
impermeable  seedcoats,  may  be  handled  in  one 
of  several  ways:  (a)  clean,  stratify  (warm 
followed  by  cold),  and  sow  in  the  fall  or  spring; 
(b)  store  in  the  fruit  for  one  year,  clean,  stratify 
(warm  followed  by  cold),  and  sow  in  the  fall 
or  spring;  or  (c)  stratify  outdoors  from  spring 
to  sowing  time  in  the  fall  {55,  56,  60).  Fall-sown 
seeds  germinate  the  next  spring.  Untreated 
seeds  may  also  be  sown  in  the  fall  and  mulched 
in  the  seedbed   until   germination   during  the 

second  spring  after  planting.  Stratified  seeds 
sown  in  the  spring  should  be  in  the  ground  early 
enough  to  insure  complete  germination  before 

the  air  temperatures  go  higher  than  70°  F.  With stratified  seeds,  germination  should  begin  6  to 
10  days  after  sowing  and  be  completed  in  4  to  5 
weeks  {60). 

Juniper  seeds  are  usually  drilled  into  well- 
prepared  soil  in  rows  6  to  8  inches  apart,  and 
covered  with  about  14  inch  of  firmed  soil  or 
sand  {It2,  55,  56).  Occasionally  the  seeds  are 
hand  broadcast  onto  the  seedbed  and  then 
covered  with  sand.  The  beds  should  be  mulched 
with  straw,  sawdust,  burlap,  or  plastic  film  to 
prevent  winter  drying,  alternate  freezing  and 
thawing,  and  premature  spring  germination. 
The  mulch  should  be  held  in  place  with  snow 
fence  to  prevent  blowing  {12,  55,  56).  The  seed- 

beds should  be  kept  moist.  As  soon  as  germina- 
tion starts  the  burlap  or  plastic  film  should  be 

removed,  either  by  hand  or  mechanically  (38). 
Light  shade  should  then  be  provided  by  slat- 
wire  snow  fence  rolled  out  on  1-  by  6-inch  bed 
boards.  Seedlings  of  J.  ashei,  J.  monosperma,  J. 
scopulorum,  and  /.  virginiana  should  be  lightly 
shaded  during  the  first  growing  season.  Seed- 

lings of  /.  deppeana  (fig.  4)  should  be  shaded 
only  during  the  germination  period  {60).  Bur- 

lap may  be  used  over  the  snow  fence  to  conserve 
moisture  and  to  protect  against  early  spring 
freezing  {55).  During  the  fall  the  seedlings  may 
change  color  due  to  freezing  weather,  reduced 
watering,  or  increased  light  intensity  resulting 
from  removal  of  the  half-shades.  Seedlings  of  J. 

Table  5. — Jimiperus:   germination  test  conditions  and  results 

Species 

Stratification 

periods 

Germination  test  conditions 

Warm  ' 

Cold: 

Daily "  light 

period 

Medium 
Tempera- 

ture 

Day      Night Dura- 
tion 

Germinative 
energy 

Germinative capacity 

Data 

source 

68 
50 

Days              Days         Hours  °F. 
J.  ashei       0     120       Sand  _  86 

0     120       Sand      50 
J.  communis     ._    60-90             90+     8       Paper,  sand  86 
.7.  deppeana.               0               0                 Paper,  sand  86 

0       30-60                 Sand,  peat  _  86 
J.  monosperma              0               0                 Sand,  peat,  86 

soil. 
J.  osteosperma           120           120                 Sand,  soil  86 

J.  pinchotii"             0               0         8       Perlite     60 
30  60         8       Perlite    60 

J.  scopulorum .  .        120           120                 Paper,  sand  86 
.7.  virginiana                  0     30-120                 Paper,  sand  50 

M             90         0       Perlite  _       _  58 
0             45                 Kimpak    60 

'  86°-68°  F.  alternated  diurnally. 
=  41°  F. 

^  Seeds  soaked  in  sulfuric  acid  45  minutes. 
*  Seeds  soaked  in  1  percent  citric  acid  for  4  days. 

60 

60 68  20-30 68  40 

68  30-40 
68  30-70 

70 

36- 

68 
60 
60 

68  20-30 
77  20-30 58     60 
60     66 

Amount     Period     Average  Samples 

Days       Percent       Days       Percent    Number 
30 
27 

10 

29 

5-31  8-15 
6-74  9-24 
84  30 
70  43 

33 

36 

7-75 

16-30 
45 

20-75 
8-49 

63 

53 
22 
76 
87 
78 

1 
1 

10  + 

2 
1 

34 

4 
4 
7 

16 
3 
2 

59 
59 

19,^3,60 

22 

60 

22,  29,  36,  52 

22,  36,  60 61 

61 

60 
60 

11 

27 
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virginiana  change  from  green  to  purple,  most 
markedly  with  the  1-0  seedlings.  The  normal 
green  color  returns  the  next  spring. 

Juniper  seedlings  may  be  transplanted  in  the 
nursery  after  the  first  or  second  year.  Spacing 
in  the  transplant  bed  for  /.  virginiana  and 
/.  scopulorum  ranges  from  6  by  1  inch.  (.5.5)  to 

Figure  4. — Junifpcrus  deppeana,  allig-ator  juniper: 
seedling  development  at  2,  17,  43,  and  96  days  after 
germination. 

8  by  2  inches  (56),  depending  upon  the  equip- 
ment used.  Early  lifting  in  the  spring  gives  the 

best  survival  if  the  roots  are  kept  moist  (55). 
Transplants  can  be  stored  as  long  as  a  week 
with  little  damage  if  kept  cool  and  moist  (.5). 
Undercutting  of  third-year  /.  scopulorum  seed- 

lings stimulates  strong  lateral  root  development 
(55).  Junipers  seem  amenable  to  top  pruning  to 
improve  balance,  but  more  information  is  needed 

on  field  survival  before  a  recommendation  can 
be  made  on  this  procedure.  Potting  or  balling  J. 
virginiana  and  J.  scopulormn  for  field  planting 
increases  survival  over  bare  root  planting  dur- 

ing dry  years,  but  adds  to  the  unit  cost  (.5,  lA, 
55,  56).  Trees  2-4  inches  tall  are  potted  and  then 
planted  in  1  to  2  years. 

Juniper  seedlings  are  resistant  to  organisms 
causing  damping  off  (60)  and  root  rot.  Cedar 
blight  caused  by  Phomopsis  juniperovora  is 
difficult  to  control,  and  once  introduced  into  a 
nursery  may  never  be  eliminated.  J.  scopulorum 
was  reported  to  be  less  sensitive  to  this  disease 
than  is  /.  virginiana  (55).  A  mixture  of  12  ppm 
cycloheximide  and  675  ppm  pentachloronitro 
benzene  (WK-34)  in  water  applied  at  2-  to  3- 
week  intervals  to  1-  to  2-year-old  seedlings  was 
effective  in  controlling  this  disease  (10,  45).  All 
infected  trees  should  be  pruned  or  cut  out  and 
the  diseased  parts  destroyed  (60).  Placing  new 
seedbeds  each  year  on  ground  remote  from  re- 

cently used  juniper  beds  as  a  preventative  meas- 
ure is  also  suggested  (60).  Variation  in  resist- 

ance to  cedar  blight  due  to  seed  source  (54) 
should  be  checked  further.  Cedar  apple  rust 
(Gym)wsporangium  j uniperi-virginianae )  may 
also  affect  the  seedlings  but  is  easily  controlled 
with  most  fruit  sprays  (55).  Cercospora  blight 
may  also  damage  seedlings  of  /.  monosperma,  J. 
scopulorum,  and  /.  virginiana  (46).  This  blight 
is  controlled  with  Bordeaux  or  PAS  sprays. 

Nematodes  may  attack  the  roots  of  juniper, 
especially  .7.  virginiana,  but  they  can  be  con- 

trolled by  fumigation  of  seedbeds  and  transplant 
beds  with  methyl  bromide.  Junipers  are  also 
very  susceptible  to  red  spiders.  Removal  of 
larger  junipers  in  the  area  may  help  control 
them.  Grubs  may  also  attack  small  seedlings 
(55).  Foliage  may  be  damaged  by  winter  injury 
and  drying  out,  even  in  second-year  beds  and 
transplant  beds.  The  plants  usually  recover 
during  the  spring.  Junipers  are  subject  to  frost 
heaving;  mulching  or  overhead  sprinklers  help 
reduce  this  hazard  (55). 

The  age  of  planting  stock  used  for  field  plant- 
ings varies  from  area  to  area.  Generally  /.  com- 

mu)iis  is  planted  as  2-1  stock;  J.  ashei  and  J. 
monosperma  as  1-1  or  2-0;  J.  scopidonon  as 
2-0,  3-0,  1-1,  1-2,  2-1,  or  2-2;  J.  virginiana  as 
2-0.  3-0,  1-1,  1-2,  2-1,  or  2-2  (42,  55,  56,  60). 
Stock  of  2-2  J.  scopulorum  reportedly  has  about 
15  percent  culls.  Reported  bale  weights  and 
numbers  of  planting  stock  are  reported  for  J. 
virginia)Ki  as  being  85  pounds  with  645  seed- 

lings for  2-2  stock.  63  pounds  and  500  seedlings 
with  1-2  stock  and  60  pounds  and  10,250  seed- 

lings with  1-0  stock;  bales  of  J.  scopulorum  1-2 
stock  weigh  77  pounds  with  1,000  seedlings 
(55). 
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KALMIA 

Ericaceae — Heath  family 

KALMIA  LATIFOLIA  L.  Mountain-laurel 

by  David  F.  Olson,  Jr.,'  and  R.  L.  Barnes  ' 

Synonym. — Kalmia  latifolia  var.  laevipes 
Fern. 

Other  common  names. — mountain-laurel  kal- 
mia, calico-bush,  ivybush,  laurel. 

Growth  habit,  occurrence,  and  use. — -Moun- 
tain-laurel is  a  broad-leaved,  evergreen  shrub, 

occasionally  reaching  tree  size.  It  attains  a 
height  of  from  10  to  30  feet  at  maturity  (1). 
The  species  has  a  wide  range,  from  Nevi^  Bruns- 

wick to  Florida,  primarily  along  the  Appa- 
lachian mountain  range,  westward  to  Louisiana 

and  northward  into  southern  Ohio  and  Indiana 
(3).  A  common  associate  in  the  mountainous 
regions  of  the  South  is  rosebay  rhododendron. 
Rhododendron  maximum  L.  Together,  these  two 
species  cover  some  3  million  acres  of  the  south- 

ern Appalachians.  Mountain-laurel,  as  well  as 
the  associated  rhododendron,  often  forms  almost 

impenetrable  thickets,  known  locally  as  "laurel 
slicks"  or  "rhododendron  hells."  The  species  is 
extensively  cultivated  as  an  ornamental  in  east- 

ern United  States  and  in  Europe,  and  was  intro- 
duced into  cultivation  in  1734  (11). 

The  foliage  of  mountain-laurel  is  a  winter 
food  for  deer  but  may  be  toxic  to  them  if  they 
are  forced  to  subsist  on  it  exclusively.  It  is  toxic 
also  to  sheep  and  cattle.  In  its  mountain  habitat, 
mountain-laurel  is  valuable  for  protection  of 
steep-sloped  watersheds.  In  these  areas  too,  the 
showy  flowers  are  attractive  to  motorists  and 
other  visitors.  The  wood  is  used  to  a  small  extent 
in  turnery  and  for  small  craft  specialties ;  the 
root  burls  are  used  occasionally  for  making 
pipes. 

Flowering  and  fruiting. — The  perfect  flowers 
appear  from  March  to  July,  depending  on  lati- 

tude and  altitude  (11,  8,  9),  and  may  range  in 
color  from  white  to  crimson,  or  almost  choco- 

late purple,  depending  upon  the  particular 
forma  of  the  species  (3).  The  flowers  are  pol- 

linated by  insects  (6).  The  fruit  ripens  in  Sep- 
tember and  October  of  the  same  year  and  is  long 

persistent.  The  fruit  is  a  five-celled,  globular 
capsule  about  one-fourth  of  an  inch  in  diameter, 
borne  in  clusters  (fig.  1).  The  minute,  oblong, 

terminally  winged  seed  (figs.  2  and  3)  are  dis- 
persed upon  splitting  of  these  dry,  dehiscent 

capsules. 
Collection  of  fruits,  extraction,  and  storage  of 

seeds. — To  collect  seed,  the  capsules  are  picked 
from  the  plants  at  maturity,  dried  if  necessary, 
and  rubbed  or  beaten  to  open  them.  The  seeds 
can  then  be  shaken  out  and  the  remnants  of  the 
capsules   separated  by  hand  or  wdth  screens. 

0.5  X 

'  Southeastern  Forest  Exp.  Stn. 

4X 

Figure  1. — Kalmia  latifolia,  mountain-laurel:  a  cluster 
of  capsules,  Vz  X  ;  and  a  single  capsule,  4  X. 
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Figure   2.- 
40  X. 

-Kalmia    latifolm,    mountain-laurel:    seeds, 

Cleaned  seed  may  be  purchased  commercially  by 
the  ounce;  dry  capsules  are  also  offered  for  sale 
by  some  dealers.  Seed  can  be  stored  dry  at  room 
temperature  and  sown  within  a  year  (12).  The 
seed  is  without  inhibiting  dormancy ;  no  special 
storage  conditions  are  required  as  a  prelude  to 
germination  (4,  10).  Seed  cleaned  to  ordinary 
standards  of  purity  averaged  14,400,000  per 
pound,  and  pure  seed  averaged  26,800,000  per 
pound,  each  based  on  two  tests  {2). 

Germination  tests. — Mountain-laurel  seed  re- 
quire light  for  germination.  A  test  of  a  New 

England  seed  source,  under  light,  but  with  other 
conditions  not  specified,  showed  a  germinative 
capacity  of  50  to  90  percent  (5).  Four  samples 
of  seed  from  a  southern  source  were  tested 

under  light  at  74  '  F.  on  moist  filter  paper  for 
30  days.  Germinative  capacity  for  these  samples 
averaged  65  percent  (2). 

Germination  is  increased  fivefold  or  more, 
and  was  hastened  as  compared  to  no  treatment, 
by  exposing  the  seeds  after  sowing  to  outdoor 
winter  temperatures  in  a  coldframe  for  2  or  3 
months  ill).  Experiments  with  New  England 
seed  showed  that  seed  kept  outdoors  for  83 
days  germinated  in  42  days ;  seed  not  so  treated 
germinated  in  125  days  (7).  Mountain-laurel 
seeds  can  be  successfully  germinated  in  flats  or 
pans  of  sandy  or  peaty  soil  in  a  coldframe  or 
greenhouse.  Germination  on  live  moss,  a  com- 

mon occurrence  in  nature,  also  has  been  recom- 
mended ill). 

Nursery  practice. — As  soon  as  the  seedlings 
are  large  enough  to  handle,  they  are  lifted  and 
replanted  in  boxes  or  pots.  The  following  year 
they  may  be  transplanted  to  outdoor  beds  for  a 
year  or  more  of  additional  growth  before  setting 
in  permanent  locations.  Varieties  of  mountain- 
laurel  often  are  propagated  by  side  grafting  or 
layering. 

Figure  3. — Kalmia   latifolia,  mountain-laurel:   longitu- 

tudinal  soction  through  a  seed,  GO  '•'  ■ 
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Araliaceae — Ginseng  family 

KALOPANAX  PICTUS  (Thunb.)  Nakai 

by  Paul  O.  Rudolf  ̂  

Kalopanax 

Synonyms. — K.  richdfoliwm  Miq.,  Acantho- 
panax  ricinifolium  Seem,  K.  septemlobtis  Koidz. 

Growth  habit,  occurrence,  and  use. — Kalo- 
panax, the  only  species  in  the  genus,  is  a  de- 
ciduous tree  from  26  to  100  feet  tall ;  it  is  native 

to  China,  eastern  Siberia,  Manchuria,  Korea, 
and  Japan  and  has  been  cultivated  since  about 
1865,  chiefly  for  environmental  forestry  (2,  4). 
It  may  also  have  value  for  v^^ildlife  food  and 
cover.  One  variety,  var.  luchuensis  (Nakai) 
Ohwi  is  native  to  southern  Japan  and  the  Ryu- 
kyus   (3).  It  may  be  a  geographic  race. 

Flowering  and  fruiting. — The  perfect,  white 
flowers  occur  in  terminal  racemes  and  bloom 
in  July  and  August  (sometimes  as  early  as  May 
in  parts  of  Japan  (1,  3,  Jf)).  The  fruits,  which 
are  two-seeded,  subglobose  drupes  about  M?  to 
14  irich  (4  to  6  mm.)  across,  are  bluish  black 
when  they  ripen  in  September  or  October  {1, 

Fruit  collection;  seed  extraction  and  storage. 
— The  fruits  should  be  collected  by  hand  or 
shaken  onto  canvas  as  they  ripen  in  September 
to  October.  Running  the  fruits  with  water 
through  a  macerator  will  extract  the  seeds  (figs. 
1  and  2).  About  8  to  10  pounds  of  clean  seed 
were  obtained  from  100  pounds  of  fresh  fruit 
(5).  The  number  of  cleaned  seed  per  pound 
in  one  sample  was  52,700  (i).  The  seeds  (fig. 
1)  have  small  embryos  and  contain  endosperm 
tissue.  Russian  reports  indicate  that  seed  can 
be  kept  satisfactorily  for  1  year  under  ordinary 
storage  (5).  For  longer  storage  the  use  of 
sealed  containers  at  low  temperatures  is  sug- 
gested. 

Germination. — Dormancy  of  the  seed  is  prob- 
ably caused  by  internal  conditions  in  the  embryo 

and  possibly  by  an  impermeable  seedcoat.  No 
test  results  are  available.  But  warm  plus  cold 
stratification  for  60  to  90  days  may  give  reason- 

ably prompt  germination.  Soaking  in  sulfuric 
acid  for  30  minutes  may  be  substituted  for  the 

warm  stratification  period.  Tests  in  germina- 
tors  or  sand  flats  for  60  days  are  suggested. 

Nursery  practice. — Fresh  seed  should  be  sown 
in  the  fall  immediately  after  extraction,  or  cold- 

FiGURE  1. — Kalopanax  pictus,  kalopanax:  seed,  8  X- 

rSmm 

North  Central   Forest  Exp.  Stn. 
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Figure  2. — Kalopanax  pictus,  kalopanax :    longitudinal 
section  through  a  seed,  20  X. 
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stratified  seed  should  be  sown  in  the  spring. 
Even  so,  germination  is  irregular  and  some  seed 
may  lie  over  2  years  before  germination  takes 
place  (2). 
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Sapindaceae — Soapberry  family 

KOELREUTERIA  PANICULATA  Laxm. 

Panicled  golden  raintree 

by  Paul  O.  Rudolf  ̂  

Growth  habit,  occurrence,  and  use, — Native 
to  China,  Korea,  and  Japan,  the  panicled  golden 
raintree,  which  is  also  called  Pride-of-India, 
China  tree,  and  varnish  tree,  is  a  small  de- 

ciduous tree  ranging  from  16  to  35  feet  tall  that 
has  been  cultivated  since  1763  chiefly  for  orna- 

mental purposes   (7). 
Flowering  and  fruiting. — The  irregular  (or 

apparently  polygamous)  yellow  flowers,  which 
occur  in  broad,  loose,  terminal  panicles,  bloom 
from  July  to  September  {3,  U,  7).  The  fruits 
are  bladdery,  triangular,  three-celled  capsules 
about  11/2  to  2  inches  long  (fig.  1)  ;  when  they 

'  North  Central  Forest  Exp.  Stn. 
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ripen  in  September  and  October  they  change 
from  a  reddish  color  to  brown.  Within  the 

papery  walls  of  the  ripe  fruit  are  three  round- 
ish, black  seeds  (fig.  2)  (7,11).  The  seeds  are 

natui'ally  dispersed  from  fall  to  the  next  spring 
(5).  Good  seed  crops  are  borne  almost  annually 

(11). 

8mm 

seedcoat 

cotyledons 

hypocotyl 

radicle 

Figure    1. — Koclreuteria    paniculata,    panicled    golden 
raintree:  capsules,  1  X,  and  seeds,  2  X. 

Figure    2. — Koelreuteria    paniculata,    panicled    golden 
raintree:  longitudinal  section  through  a  seed,  6  X. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Collect  the  capsules  from  the  trees  in 
September  and  October  and  then  extract  and 
clean  the  seeds.  The  yield  from  100  pounds  of 
fruit  is  about  72  pounds  of  cleaned  seed  (6). 
Cleaned  seed  per  pound  ranged  from  2,60()  to 
3,500,  and  averaged  2,900  for  three  samples. 
Four  samples  of  commercial  seed  averaged  99 
percent  in  purity  and  95  percent  in  soundness 
(8,  10,  12).  One  sample  stored  in  fruit  jars 
with  loosely  fastened  lids  and  exposed  to  tem- 

peratures ranging  from  about  40°  to  90°  F. 
germinated  50  percent  at  the  end  of  10  years 

(.9). 
Pregermination  treatments. — Dormancy  in 

the  seeds  appears  to  be  caused  by  an  imper- 
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meable  seedcoat  and  possibly  also  by  an  internal 
condition  of  the  embryo.  In  one  series  of  tests, 
soaking  in  sulfuric  acid  for  1  hour  plus  strat- 

ification in  moist  sand  for  90  days  at  41"  F. 
gave  the  best  results  {10).  In  another  series  of 
tests  mechanically  scarified  seeds  germinated 
promptly  and  well  (12). 

Germination  tests. — Germination  is  epigeal 
(fig.  3).  Germination  should  be  tested  in  sand 

flats  or  jrerminators  for  5  to  10  days  at  68° 
(night)  to  86"  F.  (day),  using  200  to  400  acid- 
treated  and  then  stratified  seed  per  test.  One 
test  of  untreated  seed  gave  a  germination  of 
only  2  percent  in  29  days,  whereas  seed  of  the 
same  sample  gave  52  percent  after  the  acid- 
plus-stratification      treatment      recommended 

above  {10).  In  another  test,  74  percent  of  un- 
treated seeds  germinated  in  54  days,  compared 

with  91  percent  of  mechanically  scarified  seed 
in  23  days  {12). 

Nursery  practice. — Untreated  seed  may  be 
sown  in  the  fall,  or  scarified  seed  sown  in  the 
spring  (some  lots  may  require  stratification 
after  scarification)  and  covered  with  14  to  1/2 
inch  of  soil.  Seed  sown  immediately  after  col- 

lection in  the  fall  usually  gives  reasonably  good 
results  {8).  Sow  to  produce  about  30  seedlings 
per  square  foot.  Tree  percent  is  about  70  {2). 
Lift  as  2-0  stock  (2). 

This  species  should  be  planted  only  in  sunny 
locations;  it  is  not  particular  as  to  soil  {1). 
Propagation  may  also  be  by  layers,  cuttings, 
or  root  cuttings  (i). 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

Literature  and  Other  Data 
Sources  Cited 

Bailey,  L.  H. 
1939.  The  standard  cyclopedia  of  horticulture. 

3,639  p.  The  Macmillan  Co.,  New  York. 
Jack,  R.  A. 

Communication,    1969.    Silver    Falls    Nursery, 
Silverton,   Oregon. 

Kriissmann,  G. 

1960.    Handbuch    der   Laubgeholze.    1:    49.5   p. 
and  2:  608  p.  (In  German.) 

Ohwi,  J. 

1965.  Flora  of  Japan.  1,067  p.  Smithsonian  In- 
stitution, Wash,  D.C. 

Pammel,  L.  H.,  and  King,  C.  M. 
1930.  Germination  and  seedling  forms  of  some 

woody    plants.    Proc.    Iowa    Acad.    Sci.    37: 
131-141. 

Plouvier,  Victor. 

1946.  Sur  I'heide  des  graines  de  Xanthoceras 
sorbifolia  Bunge  et  Koelreiiteria  panicidafa 
Laxm.     (Sapindaceae. )    Acad.    Sci.    Compt. 
Rend.  222    (15):   916-917. 

Rehder,  A. 
1940.  Manual  of  cultivated  trees  and  shrubs. 

Ed.  2,  966  p.  The  Macmillan  Co.,  New  York. 
Swingle,  Charles  F.   (compiler). 

1939.  Seed  propagation  of  trees,  shrubs,  and 
forbs  for  conservation   planting.    SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., D.C. 

Toumey,  J.  A. 

1921.  On  the  liability  of  tree  seeds  after  stor- 
age for  ten  years.  J.  For.  19 :   814. 

USDA  Forest  Service. 

Seed  test  data  1928  to  1942.  North  Cent.  For- 
est Exp.  Stn.,  St.  Paul,  Minn. 

Figure  3. — Koelreuteria  paniculata,  panicled  golden 
raintree:  seedling  development  at  1,  3,  and  5  days 
after  germination. 

1948.    Woody-plant    seed    manual.    U.S.    Dep. 
Agric.  Misc.   Publ.  654,  416  p. 

Zentsch,  W.,  and  Kaul,  M.  L.  H. 
1968.  Viability  and  germination  behaviour  of 

Indian  forest  tree  seeds.  Karl   Marx  Univ. 

Beitr.  Trop.  Subtrop.  Landwirt.  6(3):  213- 219. 

475 



LABURNUM 

Leguminosae — Legume  family 

LABURNUM  ANAGYROIDES  Med. 

by  Paul  0.  Rudolf  ̂  

Goldenchain  laburnum 

Synonyms. — Laburnum  vulgare  Bercht.  & 
Prsl.,  Cytisus  laburnum  L. 

Other  common  names. — bean  tree,  golden- 
chain. 

Growth  habit,  occurrence,  and  use. — Native 
to  southern  Europe,  goldenchain  laburnum  is  a 
deciduous  shrub  or  tree  16  to  30  feet  tall  that 
has  been  cultivated  since  1560  for  ornamental 
purposes  and  wood  production  (1,  3,  6).  All 
parts  of  the  plant,  especially  the  young  fruits, 
are  poisonous  (1,  9).  Seven  varieties  of  this 
species  have  been  named.  A  natural  hybrid  (L. 
anagyroides  X  L.  alpinum  =  L.  tvatereri  Dipp.) 
has  been  known  since  before  1864  {6).  The 
species  grows  on  many  kinds  of  soil,  including 
limestone,  but  does  poorly  on  wet  sites.  It  grows 
as  well  in  partly  shaded  as  in  sunny  positions. 
It  is  largely  free  from  pests. 

Flowering  and  fruiting. — The  perfect,  showy, 
golden-yellow  flowers  are  about  %  inch  long  and 
occur  in  pendulous  racemes  up  to  12  inches 
long  {6);  they  bloom  from  May  to  June  {6,  9). 
The  fruits  are  compressed  linear  pods  about  2 
inches  long  with  a  thick  keel  {6);  they  are 
tardily  dehiscent,  ripening  from  late  August 
to  October  (fig.  1)  (^,  10).  Each  pod  contains 
several  black  seeds  (figs.  1  and  2).  Good  seed 
crops  are  borne  almost  annually  {J^). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Pods  should  be  picked  from  the  trees  in 
September  or  October  and  spread  in  a  well- 
aerated  shed  or  loft  to  dry  (^).  The  dried  pods 
may  be  stored  over  winter  in  sacks  in  a  dry 
shed  or  loft  (.<i).  or  the  seeds  may  be  extracted 
immediately  by  threshing  and  then  cleaned  by 
fanning.  One  hundred  pounds  of  pods  will  yield 
about  25  pounds  of  cleaned  seed  that  range 
from  15,000  to  18,000  (average  17,000)  per 
pound  (12-f  samples).  Commercial  seed  aver- 

ages 98  percent  sound  (4,  5,  8).  The  seed  will 
retain  reasonably  good  viability  for  2  years  if 
stored  dry  in  sacks  in  a  dry  place  {A). 

Pregermination  treatments. — The  seeds  do 
not  germinate  readily  unless  their  hard  coats 

'  North  Central  Forest  Exp.  Stn. 
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are  reduced  by  scarification.  In  one  series  of 
tests,  treatment  for  60  minutes  in  concentrated 
sulfuric  acid  gave  much  poorer  results  than 
mechanical  scarification  {7).  Perhaps  a  30- 
minute  treatment  would  have  been  better.  For 
germination  tests,  the  seed  may  be  pierced  or 
a  fragment  of  the  testa  at  the  cotyledon  end 
may  be  chipped  or  filed  off  and  the  seed  then 
soaked  for  3  hours  in  water  {2). 

4  X 

Figure  1. — Laburnum  anagyroides,  goldenchain  labur- 
num: fruit,  1  X,  exterior  view  of  seed,  4  X. 

rSmm 

Figure  2. — Laburnum  anagyroides,  goldenchain  labur- 
num: longitudinal  section  through  a  seed,  8  X. 
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Germination  tests. — Germination  tests  may 
be  made  on  pretreattd  seed  on  paper  or  in 

germinators  at  68°  F.  Tests  can  be  completed 
in  14  days.  Light  is  not  needed  (2).  Germinative 
energy  averaged  about  80  percent  in  7  days 
and  germinative  capacity  about  86  percent  in 
more  than  12  tests  (If,  7). 

Nursery  practice. — Scarified  seed  may  be 
sown  broadcast  or  in  drills  in  the  late  spring 
at  a  rate  producing  20  to  30  plants  per  square 
foot.  Cover  the  seed  with  one  fourth  of  an  inch 
of  soil.  Tree  percent  averaged  about  50  (4). 
Field  planting  has  been  done  with  2-0  stock. 
This  species  can  also  be  propagated  by  layers, 
and  varieties  are  m.ostly  grafted  or  budded  onto 
stocks  of  the  species  {]). 
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Pinaceae — Pine  family 

LARIX  Mill.  Larch 

by  Paul  O.  Rudolf  ̂  

Growth    habit,    occurrence,    and    use. — The 
larches  include  10  species  of  cone-bearing,  de- 

ciduous trees  widely  distributed  over  the  cooler 
regions  of  the  Northern  Hemisphere  {38).  All 
except  L.  griffithii  are  hardy  in  the  United 
States  (2).  Seven  species  are  considered  here 

North  Central  Forest  Exp.  Stn. 

(table  1).  Of  the  three  American  species,  L 
laricina  and  L.  occidentalis  have  been  used  fo 
reforestation.  Because  of  its  rot  resistance 
larch  wood  is  especially  valuable  for  posts,  poles 
railroad  ties,  and  mine  props.  Most  larches  ar 
useful  for  watershed  protection,  and  some  o 
them  for  ornamental  purposes  (58).  Venetia: 
turpentine  is  also  produced  from  larches  (6). 

Table  1. — Larix:  nomenclature,  occurrence  and  uses;  data  compiler's 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

L.  decidua  Mill   
L.  europaea  D.C. 
L.  larix  Karst. 

L.  gmelini  (Rupr.) 
Litvin. 

L.  dahurica  Turcz. 
L.  cajanderi  Mayr. 

L.  laricina  (Du  Roi) 
K.  Koch. 

L.  leptolepis  (Sieb. 
and  Zucc.)  Gord. 

L.  kaempferi  Sarg. 
not  Carr. 

L.  japonica  Carr. 

L.  lyallii  Pari   

L,  occidentalis  Nutt., 

L.  sibirica  Ledeb.   ._. 
L.  europaea  var. 

sibirica  (Ledeb.)  Loud. 

European  larch 

Dahurian  larch 

tamarack, 
eastern  larch, 
American  larch, 
hackmatack. 

Japanese  larch 

subalpine  larch, 
alpine  larch, 
tamarack. 

western  larch, 
hackmatack, 
Montana  larch, 
mountain  larch, 
tamarack, 
western 
tamarack. 

Siberian  larch, 
Russian  larch. 

Mountains  of  central  Europe 
(up  to  about  8,200  ft.). 
Widely  planted  throughout 
Europe  and  northeastern 
United  States  (18,58). 

Eastern  Siberia  to  north- 
eastern China  and  Sakhalin; 

limited  planting  in  north- 
ern Europe,  Canada,  and 

northeastern  United 
States  (58). 

Newfoundland  and  west  along 
tree  line  to  Alaska  ;  south- 

east through  northeastern 
British  Columbia  to  Lake 
States,  east  to  New  England. 
Local  in  northwestern 
Virginia  and  western 
Maryland. 

Japan,  usually  from  4,000  to 
8,000  ft.;  planted  in  northern 
Europe,  Asia,  and  eastern 
United  States  (6,58). 

High  mountains  of  south- 
western Alberta, south- 

eastern British  Columbia, 
north  central  Washington, 
northern  Idaho,  and  western 
Montana. 

Western  Montana  to  eastern 
Oregon  and  Washington 
and  southern  British 
Columbia. 

Northeastern  Russia  and 
western  Siberia;  limited 
planting  in  northern  United 
States  and  Canada  (58). 
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Hybrids. — The  larches  hybridize  readily.  L. 
leptolepis  x  L.  decidua,  known  as  L.  eurolepis 
Henry  and  commonly  called  Dunkeld  larch,  was 
originated  about  1900.  It  has  been  planted  e.x- 
tensively  in  northwestern  Europe  and  to  a 
lesser  extent  in  the  eastern  United  States  and 
Canada  because  it  combines  desirable  character- 

istics of  both  parent  species  and  grows  faster 
than  either  (9,  31).  L.  leptolepis  x  L.  sibirica, 
known  as  L.  marschlinsii  Coaz,  was  originated 
in  1901,  and  L.  laricina  x  L.  decidna,  known  as 
L.  pendido,  Salisb.,  was  originated  before  1800 
{38).  Many  other  larch  hybrids  are  known. 
The  hybrids  L.  leptolepis  x  L.  decidua  seems  to 
be  suitable  in  eastern  Canada. 

Geographic  races. — Geographic  races  have  de- 
veloped in  many  widely  distributed  larch  spe- 

cies, and  these  often  exhibit  marked  differences 
in  growth  rates  and  other  characteristics. 

Larix  decidua,  European  larch,  includes  at 
least  5  geographic  races,  often  considered  to  be 
subspecies  or  varieties,  that  roughly  coincide 
with  major  distributional  groups  of  the  species. 
These  races  are  as  follows:  Alpine  in  south 
central  Europe,  Sudeten  principally  in  Czech- 

oslovakia, Tatra  in  Czechoslovakia  and  Poland, 
Polish  principally  in  Silesia,  and  Rumanian 
(several  small  outliers)  (8,  30).  The  races 
differ  in  seed  size  and  viability,  survival  after 
planting,  growth  rate,  phenology,  form,  and 
resistance  to  insects  and  disease  (6,  30,  58). 
The  races  respond  differently  in  different  lo- 

calities, but  in  the  northeastern  United  States 
and  Canada  the  Polish  and  Sudeten  races  grow 
most  rapidly  and  are  recommended  for  planting 
there  although  they  do  not  always  have  the  best 
form  (18,  31).  A  Scotch  race  mentioned  in 
older  references  probably  developed  in  Scotland 
from  plants  of  Sudeten  origin   (30). 

Some  varieties  of  Larix  (imelini,  Dahurian 
larch,  that  are  confined  to  definite  areas  appear 
to  be  geographic  races  (8).  These  include  va- 

rieties ja])0)iica  (Reg.)  Pilger,  priucipis- 
rupprechti  (Mayer)  Pilger,  and  olgensis 
(Henry)  Ostenf.  and  Syrach  (38).  Tests  in 
Finland  showed  marked  differences  in  survival, 
growth  rate,  frost  resistance,  and  susceptibility 
to  insect  attack  between  trees  from  Korean  and 
Sakhalin  seed  sources  (23).  Trees  of  the  variety 
olgensis  seem  to  be  suitable  for  planting  in 
north  central  United  States  and  adjacent 
Canada. 

In  Minnesota,  2-year-old  seedlings  of  Larix 
laricina,  tamarack,  from  different  seed  origins 
showed  significant  differences  in  total  height 
and  a  tendency  for  bud  set  to  occur  earliest  in 
seedlings  from  northern  sources  (36).  Thus 
geographic  races  probably  exist,  especially  in 
view  of  the  extensive  natural  range  of  tamarack. 

Larix  leptolepis,  Japanese  larch,  is  native  to 
a  140-square-mile  area  in  the  mountains  of 
central  Honshu,  where  it  grows  in  scattered 
stands  at  elevations  of  4,000  to  8,000  feet.  De- 

spite this  small  native  range,  test  plantings  of 
Japanese  larch  in  several  parts  of  the  United 
States  and  eastern  Canada,  Japan,  Great  Brit- 

ain and  Germany  have  shown  significant  differ- 
ences among  seed  sources  in  tree  height,  sur- 
vival, terminal  bud  set  on  leader,  number  of 

branchlets,  insect  resistance,  winter  and  spring 
frost  damage,  and  susceptibility  to  sulphur 
fumes  (13,  Ih,  26,  31,  6Jf).  Progeny  of  different 
seed  sources  respond  differently  to  different 
environments  so  no  general  recommendations 
can  be  made  as  to  the  best  races  for  specific 
localities,  although  sources  from  the  northern 
part  and  higher  elevations  of  Honshu  have 

given  progeny  with  earlier  hardening  off  and 
less  early  frost  damage  than  those  from  farther 
south  and  at  lower  elevations  (13,  llf,  26,  61^). 

Larix  sibirica  stock  grown  from  seed  of  the 
Altai  region  seems  to  be  less  frost-hardy  than 
that  from  other  parts  of  the  range  (55). 

Flowering  and  fruiting. — Male  and  female 
flowers  of  the  larches  are  borne  separately  on 
the  same  tree.  They  occur  randomly  with  the 
leaves  on  the  sides  of  twigs  or  branches  and 
usually  open  a  few  days  before  needle  elonga- 

tion. The  male  flowers  are  solitary,  yellow, 
globose-to-oblong  bodies  that  bear  wingless 
pollen.  The  female  flowers  are  small,  usually 
short-stalked,  erect,  red  or  greenish  cones  that 
ripen  the  first  year.  A  ripe  cone  is  made  up  of 
brownish,  woody  scales,  each  of  which  bears 
two  seeds  at  the  base  (6,  38).  The  seeds  are 
chiefly  wind  dispersed  and  the  empty  cones 
remain  on  the  trees  for  an  indefinite  period. 
Larch  seed  is  winged  and  nearly  triangular  in 
shape.  It  has  a  crustaceous,  light-brown  to 
reddish-brown  outer  coat,  a  membranaceous, 
pale  che.stnut-brown,  lustrous  inner  coat,  a 
light-colored  endosperm,  and  a  well-developed 
embryo  (figs.  1  and  2)   (6,  38). 

During  poor  seed  years  much  of  the  seed  of 
some  larch  species  is  destroyed  by  weevils  (58). 
The  spruce  budworm  (Choristoneura  fumifer- 
ana  [Clemens] )  may  hinder  L.  occidentalis  seed 
production  by  severing  cone-bearing  twigs  and 
also  by  damaging  the  cones  and  seeds  on  the 
trees  (10,  11).  L.  leptolepis  seed  production  in 
Japan  is  fostered  by  high  temperatures,  abun- 

dant sunshine,  little  rain  in  late  June  and  early 
July  of  the  previous  year,  and  at  least  a  2-year 
lapse  since  the  last  good  crop  (65).  Details 
concerning  flowering,  fruit  ripening,  and  seed 
dispersal  dates  for  seven  species  are  given  in 
table  2. 
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Table  2. — Larix:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit ripening 
dates 

Seed 
dispersal 

dates 

Data 
source 

L.  decidua      Europe,  eastern  United 
States  and  Canada. 

L.  gmelini     Russia   

March  to  May  \ September  to December. 
_.  September  to 

November. 
L.  laricina...    Ontario,  Lake  States    April  to  May    August  to 

September. 
L.  leptolepis    Japan,  Europe   do    September 
L.  lyallii     _  Rangewide    May  to  June     August  to 

September. 
L.  occidentalis         Western  Montana  and  April  to  June   do   

northern  Idaho. 
L.  sibirica    Russia..       April  to  May    September  to 

November. 

September  to    8,  22,  28,  32,  SU,  t 
spring. 

February  to      55 
March. 

September  to    3Jf,  57 
spring. 

Winter             33,56 
September    1,3,25,52 

September  to    27,  29,  U3,  U 

October.- 

September  to    22 
March. 

^  June  in  parts  of  France  (28). 
-  About  85  percent  of  the  sound  seed  is  disseminated  by  mid-October,  and  about  90  percent  by  the  end  of  Octobei 

a  very  small  amount  of  sound  seed  is  retained  in  the  cones  until  the  next  spring  or  early  summer  (.4). 

rS.Smm. 

Figure  1. — Larix  occidentalis,  western  larch:  seed  with 
wing,  4  X. 

r^ 
Collection  of  fruits. — Larch  cones  should  be 

collected  in  the  fall  as  soon  as  they  ripen.  They 
may  either  be  picked  by  hand  from  standing 
trees,  gathered  from  felled  trees  or  slash,  or 
obtained  from  squirrel  caches.  In  Tyrol,  Euro- 

pean larch  seeds  are  picked  from  the  snow  by 
hand,  or  in  late  winter  from  canvas  spread  on 
the  ground  before  the  trees  are  shaken  to  release 
the  seed  {58).  In  most  species  ripe  cones  are 
brown   and   collecting  may   begin  as   soon  as 

Figure  2. — Larix  laricina,  tamarack:  longitudinal  se 
tion  through  a  seed  (left)  and  exterior  view  of  se< 
with  wing  broken  off,  12  X . 

tests  show  that  theseed  coats  have  become  har 
and  the  endosperm  firm.  Information  on  heigh 
seed-bearing  age,  seed  crop  frequency,  and  rip( 
ness  criteria  for  seven  species  is  given  in  tabk 
3  and  4. 

Table  3. — Larix:  height,  seed-hearing  age  and  seed  crop  frequeyicy 

Species 

Height 
at 

maturity 

Year  of 
first 

cultivation 

Seed-bearing 
age 

Mini- 

mum Data 
source 

Interval  between 
large  seed  crops 

Time Data source 

Feet 
L.  decidua         ..  .....         30  to  130  1629 
L.  gmelini        66  to  100  1827 
L.  laricina            30  to  65  1737 
L.  leptolepis    100  to  130  1861 
L.  hjallii      30  to  40  1904 
L.  occidentalis      100  to  180  1881 
L.  sibirica             to  130  1806 

'  30  years  in  stands  (62) ;  optimum  at  50  years  or  older  (34). 

Years 

'  10 

40 
15 
30 
25 
12 

34,58 

34,58 

56 

1,3,25 
4 
58 

Years 
3  to  10 

3  to  6 

3 
1  to  10 
1  to  10 
3  to  5 

32,  34,  62 

34,  58 
56 

1,3,25 

4,58 

58 
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Table  4. — Larix:  color  and  size  of  mature  cones 

LARIX 

Species Preripe  color Ripe  color Length 

Data 

source 

L.  decidua       
L.  gmelini        ..    .. 
L.laricina          .      
L.  leptolepis          
L.  lyallii     Green  to  purple... .    .. 
L.  occidentalis    Green-brown-purple 
L.  sibirica       

Light  brown 

Brown 
Brown 
Green  to  dark  purple 

Green  brown-purple  ^ Brownish   

'  Cones  have  specific  gravity  of  1.025  when  ripe  (ii). 

Inches 

%    tulVo 

%  tol 
V2  to  % 

%  to  11/4 

11/2  to  2 

1  to  11/2 
1  to  1 1/2 

38 

38 
58 

38 1,3,25 
U 

Extraction  of  seed. — Freshly  collected  cones 
should  be  spread  out  in  thin  layers  to  dry  in  the 
sun  or  in  well-ventilated  cone  sheds.  The  cones 
may  be  opened  by  solar  heat,  by  heating  in  a 
cone  kiln,  by  placing  them  in  a  heated  room,  or 
by  tearing  them  apart  mechanically  (3,  20,  55, 
58).  Recommended  kiln  schedules  are  8  hours 

at  120°  F.  for  L.  laricina  (58),  and  7  to  9  hours 
at  110°  F.  for  L.  occidentalis  (20). 

After  opening,  the  cones  should  be  run 
through  a  shaker  to  remove  the  seed.  The  seed 
can  then  be  dewinged  by  a  dewinging  machine, 
by  treading  in  a  grain  sack,  or  by  hand-rubbing. 
Finally,  the  seed  should  be  cleaned  with  a  blower 
or  fanning  mill.  Seed  yields  for  five  species 
are  given  in  table  5  and  the  number  of  cleaned 
seed  per  pound  for  seven  species  is  shown  in 
table  6. 

Table  5. — Larix:  weight  of  a  bushel  of  cones  and  seed  yields 

Species 
Place  of 
collection 

Weight  of  a 
bushel  of  cones 

Seed  yields  per 
bushel  of  cones 

Data 
source 

L.  decidua      

L.  laricina       

Northeastern  United  States   
Ontario 
Europe       

      Lake  States 

Pounds 
24 

"Z             19-27 

25 

Pounds 
0.90 
.75 

.75-2.00 
.75 .55 

.75-1.00 
.50 
C) 

9 

3A 

32 
51 

L.  leptolepis   

L.  occidentalis   

Ontario     
-       Japan        

Europe       
Idaho,  Montana 

.'!" "                   29 

              19-27 

25 

3i 

33 

32,56 

20,54 

L.  sibirica      Russia       

'  Four  pounds  of  seed  were  extracted  from  100  pounds  of  cones(12). 

Table  6. — Larix:  cleaned  seeds  per  pound 

Species Place  of  collection Range Average 
Samples 

Nutnber  Number 

L.  decidua      Alps  (Alpine  race)  42,000-97,000  70,000 
Sudeten  Mts.  (Sudeten  race)    73,000-122,000  90,000 
Poland  (Polish  race)    93,000-120,000  104,000 
Tatra  Mts.  (Slovakia)           68,000-104,000  85,000 
Rumania         _          69,000-102,000  81,000 
Europe  and  northwestern  42,000-122,000  72,000 

United  States. 

L.  gmelini         80,000-211,000  120,000 
Sakhalin..      163,000-193,000  177,000 
Korea    92,000-150,000  107,000 

L.  laricina              210,000-420,000  318,000 
Ontario      224,000-328,000  252,000 

1.  leptolepis      Northeastern  United  States    77,000-137,000  113,000 
Japan         68,000-228,000  120,000 
Europe           .  57,000-152,000  115,000 

L.  lyallii      Northwestern  United  States          .  105,000-163,000  142,000 
L.  occidentalis    Northwestern  United  States  98,000-197,000  137.000 
L.  sibirica    Europe...           31,000-74,000  44,000 

Number 
141  + 
20 

4 
12 

4 

190  + 

21 
5 

12 
16 

10  + 

14 

68  + 
17  + 

4 

131  + 

71  + 

Data  sources 

37,  h7,  62 37,47 

47 

47 
47 

9,37,47,62 

17,54,58 

37 

37 
37,57 

34 

17,54 

33,37,41,  61 
32,37 

42,58 
35,  37,  54,  57,  59 
17,37,53 

481 



LARIX 

Purity  of  larch  seed  has  ranged  from  84  to 
94  percent  but  soundness  has  been  consistently 
low  at  50  to  70  percent  {37,  57,  58,  59).  The 
low  soundness  may  be  attributed  to  the  de- 

velopment of  many  unfertilized  seed  and  to 
resin  deposits  in  them.  The  resin  hinders  their 

removal  in  the  cleaning-  process  (58).  The  West- 
ern Forest  Tree  Seed  Council  (63)  has  recom- 

mended that  a  purity  of  80  percent  and  a 
viability  (germinative  capacity)  of  20  percent 
be  used  as  minimum  standards  for  western 
larch. 

Storage  of  seed. — Although  storage  studies 
have  not  been  made  for  all  species,  larch  seed 
can  probably  be  kept  for  3  or  more  years  with 
little  loss  in  viability  if  stored  dry  in  sealed 

containers  at  0'  to  50°  F.  L.  decidua  seed  keeps 
quite  well  for  a  year  or  two  if  stored  in  the 
cones  (58).  More  details  on  seed  storage  for 
six  species  are  shown  in  table  7. 

Table  7. — Larix:  storage  conditions  for  seed  in 
sealed  containers 

Seed 

Species         moisture      Temper-    Viable
  Data 

content        ̂ *^"^^         P^^'^^  '^^"^^'^ 

Percent  °F.  Years 
L.  decidua    6        32  to  50      3  to  7  24,  32 
L.laricma     _^       2  to  5        18  to  22  4+  4,9 

L.  lepfolepis  dry  36      3  to  4  J^6 
L.  hjallii        4  to  8  0  ....  3 
L.  occidentalis       6  to  9  0  .  20 

6  40  M6  -',0 
L.sibirica        6  to  8        34  to  38  25  15 

'  5-percent  viability  retained  after  16  years  storage. 

Pregermination  treatments. — Seed  of  most 
larch  species  germinates  fairly  well  without  pre- 
treatment.  An  exception  is  L.  lyallii,  which  has 
consistently  poor  germination.  There  seems  to 
be  a  mild  dormancy,  however,  that  varies  some- 

what among  species  and  lots  within  species;  it 
can  be  overcome  by  cold  stratification  in  a 

moist  medium  for  21  to  60  days  at  32°  to  41° 
F.  (3,  5,  16,  33,  57,  58)  (table  8).  Other  pre- 
treatments  have  been  used  in  lieu  of  stratifica- 

tion. Seed  of  L.  hjallii  have  been  soaked  for 
24  hours  in  U.S. P.  3-percent  hydrogen  peroxide 
(42).  Seed  of  L.  occidentalis  have  been  soaked 
in  water  for  18  days  at  33°  F.  or  in  U.S.P. 
3-percent  hydrogen  peroxide  for  12  to  24  hours 
(39,  45). 
Germination. — Germination  of  larch  seed  may 

be  tested  in  germinators  or  sand  flats.  AOSA 
(21)  and  1ST  A  (19)  recommendations  are  to 
run  the  tests  on  top  of  moist  blotters  or  other 
paper  products  for  21  days  at  temperatures 
alternating  diurnally  from  68°  F.  during  a 
16-hour  dark  period  to  86°  F.  during  an  8-hour 
light  period.  For  L.  occidentalis,  recommenda- 

tions are  to  run  duplicate  tests  of  untreated 

seeds  and  seed  prechilled  for  21  days  at  37°  to 
41°  F.  (21),  or  to  treat  dormant  lots  by  pre- 
chilling  or  moistening  the  substrate  with  a  0.2- 
percent  solution  of  KNO.-i  at  the  beginning  of 
the  test  (19).  Methods  used  and  average  results 
for  six  species  are  shown  in  table  8. 

Nursery  practice. — Larch  seed  should  be  sown 
in  the  fall,  or  in  spring  using  stratified  seed, 
and  covered  with  V^  to  Vi  inch  of  sand  or 
nursery  soil.  Fall-sown  beds  should  be  covered 
with  burlap  or  mulched  with  straw  or  litter 
over  the  first  winter ;  the  mulch  can  be  removed 

Table  8. — Larix:  cjermination  test  conditions  and  results 

Data 

source 

Cold                  Germination  test  conditions '                 Germinative  Germinative 

SP^<^i-«  ficlti^;  ̂ ,.  Temperature        ̂ ura   "^^^^   ^^^""^^   
period                                    jjay        Night        ̂ ion      Amount    Period  Average  Samples 

Days                                     °F.            °F.          Days      Percent     Days  Percent  Number 

L.  decidua                 0       Moist  paper       "  86           '  68             30             ....             ....  36           368 

L.  gmelini......               0       Moist  paper,        86             68             30             47             18  52             23 
sand. 

L.  laricina  __               60       Sand                     86             68             50             33             29  47             16 

L.  leptolepis..    "  0  to  30       Moist  paper       *  86           *  79             30             25             20  43           179 

L.  lyallii                "0       Moist  paper         65             65             39               9             21  14               1 
L.  occi-                        30       Soil                           .                           100             ....             ....  15               1 

dentalis.          0  to  42       Moist  paper         86             68             30             ...              ....  57           104 

'  Daily  light  period  was  8  to  16  hours. 
"  Constant  temperatures  at  79°  F.  (i8)  and  at  68°  F.  (37)  also  were  used. 
•''  Cold  stratification  generally  recommended  {17, 19,  21)  for  at  least  21  days. 
*  Constant  temperatures  at  75°  F.  (17)  and  at  68°  F.  (37)  also  were  used. 
^  Seeds  were  soaked  in  USP  3  percent  H::Ol>  for  24  hours  in  lieu  of  stratification. 

32,3A,37,Jf8, 

50,  51,,  62 

17,37,57 57 

17,32,33,37, 

U,5i 

h2 

5 
35, 5k, 60 
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Table  9. — Larix:  nursery  practice 

Species 
Season 

for 
sowing 

Seed- lings per 

square foot 
Sowing- depth 

Mulch 

Type Depth 

Tree 

per- 

cent Out-plant- 
ing age 

LARIX 

Data 
source 

L.  decidua.    _  Fall  or 
spring. 

L.  laricina    Fall 

L.  leptolepis    Spring". 
L.  occidentalis.  do " 
L.  sibirica   do 

Number 
40  to  50 

25 
70  to  80 
30  to  35 
30  to  40 

Inches 

Vs  to  1/4 

Vs  to  1/4 
Vs  to  1/4 
Vs  to  1/4 

Inch es Years 

Straw,  litter 
or  burlap  K 

None      
None       
Sawdust   

10 
2-0,  1-1, 

18.  32,  62 

2-1,  or  1-2 

35 

2-0 

h9 

to  20 
1-1  or  2-1 32, 33,  56 40 
1-0 

20,59 
30 2-0, 1-1 

53,57 

'  Mulch  fall-sown  beds  only. 
"  Use  seed  that  has  been  stratified  in  moist  sand  or  vermiculite  at  32°  to  41°  F.  for  14  to  42  days. 

before  germination  commences  in  the  spring 
(55).  Germination  is  epigeal  (fig.  3).  Some  de- 

tails as  to  nursery  practice  for  five  species  are 
given  in  table  9.  Larches  have  few  enemies  in 
the  nursery  although  a  species  of  the  fungus 
Verticillium  sometimes  damages  L.  occidentalis 
in  the  seedbed  (20). 

Larches  grow  in  almost  any  kind  of  soil,  in- 
cluding clay  and  limestone,  but  they  develop 

best  when  grown  in  the  open  on  somewhat 
moist,  but  well-drained  soils.  The  larch  case- 
bearer  and  the  spruce  budworm  may  cause 
serious  damage  to  L.  occidoitalis  plantations 
in  the  West  (10)  and  the  larch  sawfly  may 
damage  all  species  of  larch  in  many  areas. 
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LARREA 

Zygophyllaceae — Caltrop  family 

LARREA  TRIDENTATA  Vail. 

by  S.  Clark  Martin  ̂  

Greosotebush 

Growth  habit,  occurrence,  and  use. — Greo- 
sotebush is  an  evergreen  shrub  native  to  the 

arid,  subtropical  regions  of  the  southwestern 
United  States,  Mexico,  Argentina,  and  Chile 
{1).  There  is  a  question  as  to  whether  the  North 
American  species  tridentata  is  specifically  dis- 

tinct from  L.  divaricata,  the  South  American 
type  (-?).  Greosotebush  grows  on  a  variety  of 
soils.  Stands  vary  in  density  and  stature,  de- 

pending on  the  relative  aridity  of  the  site. 
Under  very  low  rainfall,  shrubs  are  smaller 
and  more  widely  spaced  than  in  stands  under 
more  favorable  conditions.  Greosotebush,  some- 

times erroneously  called  "greasewood,"  is  not 
browsed  by  livestock.  An  edible  livestock  feed 
has  been  made  from  creosotebush,  however,  and 
a  valuable  antitoxidant  has  been  extracted  from 
the  shrub  commercially  (2).  Thus  far,  however, 
no  economically  feasible  program  for  gathering 
and  using  large  amounts  of  creosotebush  has 
been  developed.  Greosotebush,  like  other  com- 

mon plants  with  peculiar  odor  or  taste,  has 
been  used  in  primitive  medicine  to  cure  various 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

ills  (Jf ).  In  arid  and  semiarid  parts  of  the  South 
west,  creosotebush  is  used  to  a  limited  exten 
for  landscaping. 

Flowering  and  fruiting, — Greosotebush  ha 
perfect  flowers  and  blooms  most  profusely  ii 
the  spring  but  may  flower  from  time  to  tim( 
throughout  the  year  {3,  7).  The  fruit  is  i 
densely  white-villous,  five-celled  capsule  (5) 
When  fruits  are  cast,  they  separate  into  indi 
vidual  carpels,  each  normally  containing  on( 
seed  (figs.  1  and  2)  (5).  Carpel  fill  unde: 
natural  conditions  averages  35  percent  (rang( 
12  to  62  percent)   (7).  Plants  may  fruit  spar -7mm 

Figure  1. — Larrea  tridentata,  creosotebush:  single  car- 
pel, 8  X. 

Figure  2. — Larrea  tridentata,  creosotebush:  longitudina 
section  through  a  carpel  12  X. 
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ingly  at  4  to  6  years  of  age  and  reach  full 
fruiting  maturity  at  8  to  13  years  {6).  Annual 
production  ranges  from  39  to  278  fruits  per 
100  grams  of  branch,  or  from  119  to  1,714 
fruits  per  plant  (7). 

Collection,  extraction,  and  storage. — Ripe 
fruits  may  be  collected  from  the  shrub  in  the 
late  spring  or  early  summer.  Fumigation  or 
dusting  fruits  with  insecticide  is  advisable  to 
prevent  insect  damage.  Clean  seeds,  extracted 
from  the  carpels,  are  small  (around  170,000 
per  pound)  and  are  not  usually  available  on  the 
market  (4,  5).  Viability  of  seeds  in  carpels 
declined  little  after  2  to  4  years  in  dry  storage 
at  room  temperatures,  and  some  lots  7  years 
old  germinated  well  in  one  series  of  tests  (7). 
Pregermination  treatments. — Creosotebush 

seeds  in  carpels  exhibit  some  seedcoat  dor- 
mancy, which  can  be  broken  mechanically  by 

filing  off  one  end  of  the  carpel  with  sandpaper. 

Seeds  in  carpels  so  ti'eated  reportedly  have  an 
average  germination  capacity  of  93  percent  over 

a  range  of  50'  to  140'  F. 
Germination  tests. — In  one  series  of  tests, 

germination  of  nonscarified  seeds  (computed 

on  filled  carpel  basis)  in  carpels  at  63°  F. 
ranged  from  55  to  90  percent  (average  74  per- 

cent) (7).  Carpels  were  dusted  with  fungicide 
and  placed  on  moist  blotter  paper  in  petri  dishes 
in  humidified  germinators  (7). 
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Leguminosae — Pea  family 

LESPEDEZA  Michx. 

by  Willis  G.  Vogel  ̂  

Lespedeza 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Lespedeza  includes  about  140  species  of 

shrubs,  half-shrubs,  and  herbs  (S).  Most  of  the 
species  are  native  to  the  temperate  regions  of 
eastern  Asia  and  only  about  11  herbaceous 
species  are  considered  native  to  North  America 
{2).  Several  species  of  shrub  lespedeza  have 
been  introduced  into  the  United  States,  but  most 
of  the  conservation  plantings  have  involved  only 
three — Lespedeza  hicolor,  L.  thunbergii,  and  L. 
japonica  (table  1)  (9,  13).  The  first  two  are 
recognized  by  most  authorities  as  distinct 
species ;  but  some  taxonomic  authorities  indicate 
that  L.  japonica  is  not  a  valid  species  but  a 
variant  of  L.  thunhergii  (2;  11,  p.  557-560). 
Although  the  name,  L.  japoyiica  has  been  used 

since  the  1930's,  many  of  the  L.  japonica  ma- 
terials recently  have  been  reidentified  as  L. 

thunhergii  (5).  Classification  of  these  shrubs  is 
diflficult  and  confused  because  of  variations  that 
result  from  hybridization  between  species  (2). 
Lespedeza  hicolor  is  the  most  common  and 
widely  planted  of  the  shrub  lespedezas  in  the 
United  States  {Jf,17). 

These  shrubs  are  adapted  primarily  to  the 
southeastern  two-thirds  of  the  United  States 

^  Northeastern  Forest  Exp.  Stn. 

with  the  exception  of  southern  Florida  {2,  Jk 
The  shrub  lespedezas  are  planted  mainly  f 
wildlife  food  and  cover,  and  for  erosion  contr 
The  seeds  are  preferred  quail  food  (5,  4,  t 
Some  plantings  have  been  made  for  ornameni 
purposes  {2,  3).  Grown  to  maturity,  plants 
shrub  lespedeza  may  reach  a  height  of  10  fe 
but  more  commonly  4  to  8  feet  (3,  1^,  5).  T 
stems  of  L.  japonica  die  back  to  the  ground  ea 
year,  those  of  L.  hicolor  and  thunbergii  do  n( 
In  management  for  seed  production,  stems 
the  latter  two  species  occasionally  must  be  c 
back  to  the  ground  (4,  6). 

Superior  strains. — Superior  strains  of  shr 
lespedeza  have  been  selected  and  develop 
mostly  at  Soil  Conservation  Service  Plant  M 
terial  Centers  in  the  East  and  Southeast  {6,11 
Strains  100  and  101  of  L.  hicolor  were  develop 
for  their  greater  seed  production  and  persii 
ence  of  fruits  on  the  plants  after  ripening  ( 
15).  'Natob'  L.  hicolor  matures  seed  mu 
earlier  and  is  more  winter  hardy  than  any  oth 
strain  of  shrub  lespedeza  grown  in  the  Unit 
States.  Thus,  it  can  be  grown  farther  north  th 
other  shrub  lespedezas  (3).  A  selection  of 
japonica,  called  VA-70  (also  called  varie 
interviedia) ,  ripens  seed  a  month  earlier  th 
most  strains  of  L.  hicolor  or  L.  thunhergii,  th 

Table  1. — Lespedeza:  nomenclature,  occurrence,  and  uses 

Uses  * 

Scientific  names                          Common                                                 Occurrence 
  and  synonyms   names   
L.  feicotor  Turcz      shrub  lespedeza,  Origin:  eastern  Asia.  Arkansas  to  Virginia,  south 

bicolor  lespedeza.  to  north  Florida  and  Texas. 
L.  japonica  Bailey    Japan  lespedeza  Origin:    eastern    Asia.    Missouri    to    New   Jersey, 

L.  japonica  var.  south  to  South  Carolina  and  Arkansas. 
albiftora  Nakai. 

L.  forma  var.  albiflora 
Schindl. 

L.  thunbergii  (DC.)  Nakai    Thunberg  lespedeza         Origin:    eastern    Asia.    Similar   range    as    bicolor 
L.  sieboldii  Miq.  but  not   as   far  north.   Best   adapted   to    north 
L.  racemosa  Dipp.  Florida,  south  Alabama,  and  south  Mississippi. 
L.  formosa  Koehne. 
Desmodium  peyiduliflorum 

Oudem. 

'  H:  habitat  for  wildlife,  W:  watershed,  E:  environmental  forestry. 

H,W,  I 

H,W,I 

H,  W,  I 
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it  is  adapted  to  the  mountains  and  more  north- 
erly areas  of  the  South  {6). 

Seed  of  these  strains  have  been  marketed,  but 
production  has  been  so  erratic  that  seed  supplies 
are  now  scarce  or  nonexistent.  Existing  supplies 
of  some  strains  are  in  need  of  reselection  to  re- 

store former  characteristics  and  purity  {6,  17). 
Some  problem  exists  in  maintaining  seed  sup- 

plies of  pure  strains  apparently  because  of  cross- 
pollination. 

Flowering  and  fruiting. — The  flowers  are 
loosely  arranged  on  elongate  racemes  and  are 
mostly  rose-purple  with  gradation  to  white  in 
some  variants  {11,  IS,  14).  The  chasmogamic 
flowers  may  be  self-  or  cross-pollinated  {2,  3, 
11).  Honeybees,  bum.blebees,  and  other  insects 
are  necessary  for  pollination  (3,  7). 

Time  of  flowering  and  fruiting  varies  among 
species  and  strains,  but  is  also  controlled  by  the 
latitude  where  the  plants  are  grown.  Flowering 
occurs  mostly  in  July  and  August  but  will  begin 
in  June  in  Mississippi  and  as  late  as  September 
in  Maryland.  The  brown  colored  fruits  are  1- 
seeded  indehiscent  pods  which  mature  mostly  in 
late  September  and  October  (.5)  (fig.  1).  The 
pods  fall  to  the  ground  when  ripe  and  most  of 
them  are  down  by  early  winter  (5). 

A  light  seed  crop  may  occur  the  first  year 
from  1-year-old  transplants  and  good  seed  crops 
can  be  expected  each  succeeding  year  (5).  Seeds 
of  L.  bicolor  are  pale  brown  to  olive  colored  and 

copiously  flecked  with  purple.  Seeds  of  L.  thun- 
bergii  and  L.  japoiiica  are  solid  dark  purple  (10) 
(fig.  1).  Seeds  of  Lesvedeza  have  little  or  no 
endosperm  (fig.  2). 

1— 4mm 

-0 

4  X 

L.  bicolor 
shrub  lespedeza 

L.  /aponica 
Japan  lespedeza 

dfci 
L  bicolor 
shrub  lespedeza L.  japonica 

Japan  lesped 

Figure  1. — Lespedeza:   pods,  4   X    (above),  and  seeds, 
8  X    (below). 

Figure  2. — Lespedeza  japonica,  Japan  lespedeza:  longi- 
tudinal section  through  a  seed,  16  X. 

Collection  of  fruits,  extraction  and  storage  of 
seed. — Shrub  lespedeza  seed  is  most  commonly 
harvested  with  a  combine  as  soon  as  the  fruits 
are  ripe  and  moderately  dry.  The  combined 
material,  which  includes  stems,  intact  pods,  and 
hulled  seed,  is  air  dried  and  then  cleaned  to 
separate  seed  and  pods  from  the  stems  and  inert 
matter.  Seeds  that  remain  in  their  pods  can  be 
hulled  by  again  running  them  through  a  com- 

bine or  through  a  huller-scarifier  and  then 
cleaned  (.5,  6,  12,  17). 

Seed  yields  may  exceed  500  pounds  per  acre 
{1),  but  more  commonly  yields  range  from  300 
to  400  pounds  per  acre  {3,  5,  6).  A  bushel  of 
clean  seed  weighs  60  pounds  {6).  The  number 
of  cleaned  seeds  per  pound  averages  about 
85,000  for  common  L.  bicolor  (3,  5,  6,  12), 

64,000  for  'Natob'  bicolor  (3,  6),  70,000  for  L. 
javonica  (.5,  6,  12,  16),  and  72,000  for  L.  thun- 
bergii  (12,16). 

Seed  is  stored  at  50  F.  and  40  percent  rel- 
ative humidity.  It  may  be  stored  either  hulled  or 

489 



LESPEDEZA 

unhulled,  but  seed  stored  in  the  hull  remains 
viable  longer  than  hulled  seed.  Length  of  vi- 

ability varies  with  harvest  years  and  storage 
tratment,  but  seed  have  been  viable  after  20 
years  of  storage  (5). 

Pregermination  treatments. — A  high  percent- 
age of  shrub  lespedeza  seed  have  hard  seedcoats 

and  should  be  scarified  before  planting.  Mechan- 
ical scarification  is  the  preferred  method.  A 

huller-scarifier  is  one  machine  used  for  this 
purpose  {5,  17).  About  50  percent  of  the  seed 
cleaned  in  a  hammermill  will  be  scarified.  Fifty 
percent  scarification  allows  a  good  stand  to 
become  established  the  first  year,  but  holds  some 
seed  dormant  for  germination  the  second  year. 
This  could  help  assure  stand  establishment  in 
case  of  failure  or  poor  establishment  the  first 
year  (5).  Seed  can  also  be  scarified  by  immer- 

sion in  concentrated  sulfuric  acid  for  30 
minutes,  followed  by  washing  and  drying  (5). 
The  acid  treatment  causes  less  damage  to  older 
brittle  seed  than  does  mechanical  treatment  (5). 

Germination  tests. — Germination  tests  can  be 
made  by  placing  seed  between  blotters  in  a  petri 
dish,  in  a  rolled  towel  either  horizontal  or  verti- 

cal, or  in  sand  or  soil.  Temperatures  are  68°  F. 
for  16  hours  and  95°  F.  for  8  ?iours  per  day. 
Light  is  not  required,  but  has  been  used  with  no 
effect  on  germination.  First  counts  of  germi- 

nated seeds  are  made  at  7  days  and  last  counts 
at  21  days  (.5).  Germinative  capacity,  which  is 
similar  for  all  three  species,  averages  about  76 
percent.  Seed  purity  is  95  percent  or  higher 
(5,  16). 

Nursery  and  field  practices. — For  producing 
1-year-old  transplants,  rows  are  spaced  3  to  4 
feet  apart  and  12  to  20  seed  planted  per  foot  of 
row.  Seed  innoculated  with  group  4  (cowpea) 
innoculant  is  sown  in  shallow  furrows  and 
covered  14.  to  V-i  inch.  deep.  Seeding  time  starts 
in  the  spring  at  the  last  expected  frost  date  and 
continues  thereafter  for  about  6  weeks.  Seed  is 
treated  with  Arasan  for  fungus  control.  About 
95  percent  of  the  1-year-old  seedlings  are  usable. 
For  producing  wildlife  food,  direct  seeding  in 
the  field  is  more  popular  than  transplanting 
seedlings  (5,  5,  6). 

(1) 

(2) 

(3) 

(4) (5) 

((3) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 
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Leguminosae — Legume  family 

LUCAENA  LEUCOCEPHALA   (Lam.)  deWit 

by  C.  D.  Whitesell  ' 

Leadtree 

Synonyms. — Leucaena  glauca  (L.)  Benth. 
Other  common  names. — ^koa-haole  in  Hawaii, 

tangantangan  in  Guam,  zarcilla  and  hediondrilla 
in  Puerto  Rico,  ipil-ipil  in  the  Philippine  Islands. 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Leucaena.  includes  10  species  of  trees  and 

shrubs  that  grow  in  Central  America  and  south- 
east Asia.  Leaves,  pods,  and  young  seeds  of  at 

least  four  Leucaena  species  have  been  used  by 
humans  for  food  since  the  time  of  the  Mayans 
{6). 
Leucaena  leucocephala,  the  most  widespread 

member  of  the  genus,  originated  in  Central 
America  {6,  IS),  but  is  now  considered  pan- 
tropical.  It  is  found  throughout  the  West  Indies 
from  the  Bahamas  and  Cuba  to  Trinidad  and 
Tobago.  It  has  become  naturalized  in  southern 
Texas  and  southern  Florida  and  has  been 

planted  in  California  (12).  The  species  was  in- 
troduced to  the  Pacific  Islands  by  the  Spanish. 

It  was  introduced  to  Hawaii  about  1864.  It 
invades  cleared  areas  and  forms  dense  thickets, 
either  as  a  shrub  or  small  tree  8  to  30  feet  high, 
with  a  trunk  sometimes  over  4  inches  in  di- 

ameter (18).  In  some  regions  it  grows  to  60 
feet  in  height  (6).  This  species  is  evergreen 
when  moisture  is  not  a  limiting  factor. 

In  the  tropics  it  is  used  as  a  shade  plant  on 
coffee,  rubber,  cacao,  and  cinchona  plantations 
(5)  and  for  site  preparation  in  reforestation 
(13,  H).  The  taller  strains  are  potentially  val- 

uable as  windbreaks  (i).  On  Guam  (.s")  and  in 
Hawaii  (11),  L.  leucocephala  has  been  aerial- 
seeded  on  bare,  eroded  areas  to  provide  ground 
cover  and  to  prevent  erosion.  In  many  tropical 
countries,  it  is  considered  a  weed. 

In  Hawaii,  the  foliage  is  comparable  to  al- 
falfa in  protein  content,  but  contains  consider- 

ably more  vitamin  A  (19).  Unfortunately,  the 
foliage  also  contains  mimosine,  and  alkaloid  that 
is  toxic  to  livestock,  particularly  nonruminants, 
and  to  poultry.  Horses  feeding  on  this  plant  lost 
the  hair  of  their  manes  and  tails  (16).  Use  of 
this  species  as  a  forage  crop  in  the  tropics  will 

be  limited  until  plant  breeders  are  succeessful 
in  developing  strains  with  a  low  mimosine  con- tent (i). 

Strains  of  L.  leucocephala  can  be  categorized 

as  one  of  two  types :  "Hawaiian"  and  "Salvador" 
(6).  The  "Hawaiian  type",  representing  the strains  mo.st  common  outside  of  the  American 

continent,  is  a  drought-tolerant,  branchy,  abun- 
dantly flowering,  and  aggressive  shrub  growing 

to  30  feet.  The  "Salvador  type"  is  erect,  may 
attain  a  height  of  60  feet,  and  flowers  sporadi- 

cally and  seasonally  (6).  One  sample  of  "Sal- 
vador type"  seed  had  8,250  seeds  per  pound 

compared  to  an  average  of  12,200  seeds  per 

pound  for  two  samples  of  "Hawaiian  type" seed  (.5). 

Flowering  and  fruiting. — The  species  has  nu- 
merous, white,  bisexual  flowers  clustered  in  a 

globular  head.  Flowering  may  begin  within  2 
months  of  planting  and  continue  throughout  the 
year  (9).  Two-year-old  trees  produce  seeds  the 
year  round,  but  most  alnindantly  toward  the  end 
of  summer  (15).  The  seeds  are  borne  in  thin, 
flat,  accuminate  pods.  5.0  to  7.0  inches  (12  to 
18  cm.)  long,  0.5  to  .8  inches  (1.4  to  2.0  cm.) 
wide,  and  usually  with  15-20  pods  per  cluster 
( i )  but  sometimes  as  many  as  60  (18).  The  pods 
turn  brown  when  ripe.  Each  pod  has  15  to  25 
seeds.  Seeds  are  elliptical,  compressed,  shiny 
brown,  0.1  to  .2  inch  (3  to  4  mm.)  wide,  0.2  to  .3 
inch  (6  to  8  mm.)  long,  and  about  0.1  inch  (2 
mm.)  thick  (figs.  1  and  2)  (18). 

Collection,  extraction,  and  storage. — The  dry 
pods  are  gathered  and  the  seeds  threshed  out,  or 
beaten  out  placing  the  pods  loosely  in  a  sack  and 

Pacific  Southwest  Poorest  &  Range  Exp.  Stn. Figure  1. — Leucaena  leucocephala,  leadtree:  seed,  4  X. 
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Figure  2. — Leucaena  leucocephala,  leadtree:  longitudi- 
nal section  through  a  seed,  12  X. 

beating  the  sack  with  a  piece  of  board  about  the 
size  of  a  small  bat.  Seeds  can  be  separated  from 
the  empty  pods  by  shaking  them  through  a  l^- 
inch  mesh  screen  (18). 

There  are  between  9,000  and  12,000  clean  seed 
per  pound  (15).  Untreated  and  scarified  seed 

has  been  stored  at  45°  F.  at  70  percent  relative 
humidity  for  6  years  (J^)  and  in  a  cool  dry  place 
in  sealed  containers  for  several  years  without 
much  loss  of  viability  (2). 

In  Hawaii  the  larvae  of  a  recently  introduced 
beetle  (Araece7-us  levipeyinis  Jordan)  can  de- 

stroy the  seed.  At  times  practically  100  percent 
of  the  pods  in  certain  stands  are  infested  (17). 
Seeds  should  be  fumigated  as  soon  as  possible 
after  collection  to  kill  the  larvae.  Fumigation  is 
accomplished  by  exposing  the  seed  to  methyl 
bromide  at  a  concentration  of  2  pounds  per  1000 
cu.  ft.  for  2  hours  at  80°  F. 

Pregermination  treatments. — Germination  is 
delayed  and  reduced  by  the  presence  of  a  very 
thick,  tough,  waxy-layered,  waterproof  seed- 
coat  (1).  Germination  of  untreated  seed  has 
varied  among  lots  from  8  percent  (10)  to  more 
than  90  percent  (3).  These  differences  are  re- 

lated to  seedcoat  hardness  (2).  A  satisfactory 
treatment  is  to  put  boiling  water  on  the  seeds, 
allow  the  seeds  and  water  to  cool,  pour  off  the 
water,  and  sow  the  seeds  (^).  Seeds  should  not 

be  stored  afted  a  hot  water  treatment  (1).  Me- 
chanical and  sulphuric  acid  scarifications  are 

also  practical  methods  for  handling  large  quan- 
tities of  seed  (3).  Cold  stratification  was  not 

effective  (7).  A  method  commonly  used  by 
ranchers  to  get  a  well-stocked  stand  is  to  feed 
seed  mixed  with  molasses  to  animals  on  a  range. 
About  50  percent  of  the  seeds  germinate  after 
they  passed  through  the  digestive  tract  of  an 
animal  (18).  Small  samples  of  seed  have  been 
scarified  by  manually  clipping  the  end  of  each seed  (7). 

Germination  tests. — Manually  clipped  seeds 
were  soaked  in  water  at  room  temperature  for 
48  hours  and  then  germinated  on  moist  Kimpack 

at  diurnally  alternating  temperatures  of  86°  F. 
during  an  8-hour  light  period  and  68°  F.  during 
a  16-hour  dark  period.  Germinative  capacity  of 
this  sample  was  88  percent  after  32  days.  Ger- 

minative energy  was  very  high  with  85  percent 
of  the  seeds  germinated  after  4  days  (7). 

Field  practice. — Leucaena  leucocephala  can 
best  be  established  in  the  field  by  sowing  seed  in 
rows  with  a  mechanical  seeder  in  a  well-pre- 

pared seedbed.  Suggested  broadcast  seeding 
rates  are  15  to  30  pounds  of  scarified  seed  per 
acre  for  pasture  (18,  19)  if  seed  is  plentiful, 
otherwise  2  to  3  pounds  if  seed  of  high  viability 
is  used  (4).  Good  seedbed  preparation,  repeated 
plowing  and  disking,  and  weed  control  are 
worthwhile  cultural  practices  (11).  Treating 
seeds  with  carbolic  acid  keeps  them  from  being 
eaten  by  field  mice  and  rats  (13). 

Establishment  from  seedlings,  stem  cuttings, 
and  crown  cuttings  is  possible  but  usually 
uneconomical. 
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Cupressaceae — Cypress  family 

LIBOCEDRUS  DECURRENS  Torr. 

by  William  I.  Stein  ̂  

Incense-cedar 

Growth  habit,  occurrence,  and  use. — Of  the 
nine  or  more  species  generally  included  in  Liho- 
ceclrus,  L.  decurrens  Torr.,  incense-cedar  is  the 
only  one  native  to  North  America.  Synonyms  are 
Thuja  craigana  Grev.  &  Balf.,  Heyderia  decur- 

rens (Torr.)  K.  Koch,  Calocedrus  decurrens 
(Torr.)  Florin,  and  Thuja  decurrens  Voss  {9, 
17).  Another  common  name  is  California  in- 

cense-cedar. Mature  trees  of  this  evergreen 
species  vary  in  height  from  50  to  225  feet  {16. 
19)  and  in  diameter  from  3  to  12  feet  {1,38). 

The  range  spans  about  15°  of  latitude  from 
southeastern  slopes  of  Mount  Hood  in  Oregon 
southward  within  and  adjacent  to  the  Cascade, 
Siskiyou,  Coastal,  and  Sierra  Nevada  ranges  to 
the  Sierra  de  San  Pedro  Martir  in  northwestern 
Mexico.  It  extends  eastward  from  the  coastal 
fog  belt  to  arid  inland  parts  of  central  Oregon, 
northern  California,  and  westernmost  Nevada. 
In  elevation,  the  range  extends  from  900  to  6,600 
feet  in  the  north,  from  3,000  to  9,700  feet  in  the 
south  {30,  32,  48).  Incense-cedar  grows  on  many 
kinds  of  soil  and  is  one  of  the  more  prominent 
conifers  on  serpentines.  Typically,  it  is  a  com- 

ponent of  mixed  forest  and  may  comprise  up  to 
50  percent  of  the  total  stand  {15). 

Trees  are  harvested  primarily  for  lumber  and 
for  round  or  split  wood  products.  The  wood  is 
variable  in  color,  durable,  light,  moderately  soft, 
uniformly  textured,  easy  to  split  and  whittle, 
and  finishes  well.  Incense-cedar  is  also  used  as 
a  pulp  additive  and  for  making  a  variety  of 
specialty  items,  the  best  known  being  the 
wooden  pencil  {5,  29,  36).  Boughs  bearing 
staminate  cones  are  sold  to  a  limited  extent  for 
decorations  {10,  33) ,  and  the  species  is  a  minor 
component  of  the  Christmas  tree  trade. 

First  cultivated  in  1853,  shapely  crowned 
ornamental  specimens  have  grown  well  in  many 
places  outside  of  their  native  range,  particularly 
in  New  England,  the  mid-Atlantic  States,  and 
parts  of  Europe  {9,  11,  17,  35,  3S).  Within  its 
native  range,  the  species  is  commonly  planted 
for  highway  landscaping,  screenings,  and  home- 
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site  improvement.  Recognized  cultivars  include 
L.  decurrois  aureovariegata  Beissner,  decurrens 
colutnnaris  Beissner,  L.  deciirrens  compacta 
Beissner,  and  L.  decurrens  glauca  Beissner  {9, 35). 

Young  incense-cedars  are  sometimes  browsed 
extensively  (45),  but  in  general,  the  species 
rates  low  to  moderate  in  value  as  wildlife  browse 

{23,  37,  56).  Its  seeds  are  eaten  by  small  mam- 
mals {25),  but  are  not  a  preferred  food  of  chip- munks {49). 

Flowering  and  fruiting. — Yellowish  green 
staminate  flowers  develop  terminally  on  twigs 
as  early  as  September  even  before  current-year 
cones  have  opened  {44).  These  14-inch  long 
flowers  are  prominently  present  ".  .  .tingeing 
the  tree  with  gold  during  the  winter  and  early 

spring.  .  ."  {38).  Flowering  has  been  reported  to 
occur  as  early  as  December  and  as  late  as  May 
{7,17,  26,  30,  38,  48),  but  it  is  not  clear  how  well 
observers  distinguished  between  closed  and  open 
staminate  flowers.  Unopened  staminate  flowers 
and  open  or  near  open  female  flowers  were 
present  on  branches  collected  west  of  Klamath 
Falls,  Oreg.,  in  the  first  week  of  April  (4.4). 
Male  flowers  may  develop  on  twigs  already 
bearing  mature  female  cones  (44).  The  incon- 

spicuous pale  yellow  female  flowers  also  develop 
singly  at  ends  of  twigs. 

Cones,  each  containing  up  to  four  seeds,  hang 
singly  (fig.  1),  are  scattered  throughout  the 
crown,  and  mature  in  one  growing  season.  As 
they  ripen,  their  color  changes  from  a  medium 
green  to  a  yellowish  green  or  yellow  tinged  with 
various  amounts  and  shades  of  brown.  During 
opening,  the  cone  becomes  reddish  brown  and 
acquires  a  purplish  cast  (color  plate).  Insect- 
attacked  cones  are  among  the  first  to  change 
color.  Generally,  cones  of  many  color  shades  are 
found  on  a  tree  as  opening  commences. 

The  winged  seeds  are  about  an  inch  long  and 
nearly  one-third  as  wide  (fig.  2).  Although  ap- 

pearing to  have  only  one  wing,  each  seed  actu- 
ally has  two — a  long,  wide  wing  extending 

lengthwise  beyond  the  seed  on  one  side  and  a 
narrow,  much  shorter  one  barely  merging  along- 
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Figure  3. — Lihocedrus  decurrcns,  incense-cedar:   longi- 
tudinal section  through  a  seed,  8.0  X. 

Figure  1. — Libocedrns  dccurrens,  incense-cedar:   cones 
hang  singly  from  the  branch  tips,  0.75  X. 

Figure    2. — Libocedrns   dccurrens, 
with  wings  intact,  3.0  X. 

incense-cedar:    seed 

side  the  tirst  from  the  opposite  side.  The  wings 
are  persistent  and  project  past  the  narrow 
radicle  end  of  the  seed  rather  than  from  the 
cotyledon  end  as  in  many  other  conifers  (fig.  3). 
During  germination,  the  radicle  clearly  emerges 
from  the  narrow  winged  end  of  the  seed  (fig.  4). 

Seed  dispersal  may  continue  over  a  lengthy 
period,  from  September  through  November  or 

Figure  4. — Libocedrns  dccurrens,  incense-cedar:  ger- 
minating seed,  3.0  X,  with  radicle  and  hypocotyl 

emerging  from  the  winged  end. 
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later  {13,  26,  US).  For  example,  in  1937  and 
1940,  respectively,  11  and  32  percent  of  the  seed 
had  fallen  by  early  October  at  one  or  two  Cali- 

fornia locations,  yet  47  and  66  percent  of  the 
total  fell  after  November  11  {13).  Cutting  tests 
have  shown  that  14  to  65  percent  of  the  natu- 

rally dispersed  seeds  appear  sound,  with  higher 
values  coincident  with  heavy  crops  {13). 

The  oft-repeated  generalization  that  incense- 
cedar  bears  some  seed  every  year  and  abundant 
crops  frequently  (5,  26,  45)  has  not  been  fully 
confirmed  by  systematic  observations  made  in 
two  locations.  During  a  35-year  period  on  the 
Stanislaus  National  Forest  in  California,  there 
were  7  years  when  incense-cedar  bore  a  heavy  or 
very  heavy  crop,  11  a  medium  crop,  and  17  a 
light  crop  {JfO).  During  15  years  on  the  South 
Umpqua  Experimental  Forest  in  southwest 
Oregon,  there  were  two  abundant  crops,  one 
medium  crop,  and  12  years  with  light  or  no 
crops  {55).  Generalized  statewide  reports  for 
California  and  Oregon  show  that  incense-cedar 
cone  crops  are  often  light  and  that  there  is  wide 
geographic  variability  in  crop  abundance  {W). 
During  years  when  crops  are  reported  as  light 
or  a  failure,  scattered  cones,  even  an  occasional 
heavily  loaded  tree,  may  be  found  somewhere. 

Flowers  and  young  cones  may  be  damaged  or 
killed  occasionally  by  adverse  climatic  factors, 
and  squirrels  cut  some  mature  cones  {13). 
Losses  are  also  caused  by  sawflies  {Augomonoc- 
tenns  lihocedri  Rohw.)  and  leaf -footed  bugs 
{Leptoglossus  occidentalis  Heidemann)  which 
feed  on  developing  cones  and  seeds  {20,  21). 

Coilection  of  cones. — Cones  are  generally  hand 
picked  from  standing  or  felled  trees.  Stripping 
of  cones  or  use  of  a  rake-type  tool  will  expedite 
collection  since  cones  hang  dispersed.  Time  for 
collection  is  ideal  during  the  short  period  when 
cleavages  appear  between  the  scales  of  many 
cones  on  a  tree.  If  large  quantities  are  needed, 
collection  of  seeds  after  dispersal  from  the  cone, 
e.g.  plastic  sheets  beneath  or  enclosing  the  tree, 
or  vacuum  harvesting  from  the  ground,  merits 
consideration.  To  facilitate  later  seed  cleaning, 
foliage  intermixed  with  cones  should  be  removed 
during  collection  or  shortly  afterward  before  it 
dries  and  crumbles. 

Cones  are  normally  handled  and  transported 
in  loosely  filled  burlap  sacks.  Good  aeration 
should  be  provided  around  each  sack  to  prevent 
heating  of  cones  while  they  await  extraction. 

Extraction  and  storage  of  seed. — Under  suit- 
ably warm  conditions  with  low  humidity,  cones 

will  air-dry  outdoors  or  indoors  in  3  to  7  days  if 
layered  thinly  in  trays,  on  sheeting,  or  on  tarps. 
Turning  or  stirring  of  layered  cones  will  facili- 

tate drying  and  opening.  They  are  also  kiln- 
dried  under  the  same  conditions  as  other  west- 

ern conifers. 

Seeds  separate  readily  from  well-opened 
cones ;  moderate  tumbling  or  shaking  is  helpful. 
Whether  done  by  improvised  methods  or  in  com- 

mercial machines,  tumbling  or  shaking  should 
be  done  gently,  since  seedcoats  of  incense-cedar 
are  membranaceous  and  easily  broken. 

The  persistent  wings  should  be  left  intact. 
When  seeds  were  run  through  mechanical  de- 
winging  equipment,  the  narrow  radicle  ends 
were  broken  off  along  with  the  wings.  In  several 
instances,  such  damage  was  the  probable  cause 
of  very  low  viability  observed  in  dewinged  seed. 
Damaging  effects  should  be  evaluated  before 
routinely  using  any  proposed  hand  or  mechan- 

ical dewinging  technique. 
Small  particles  of  debris  can  be  removed  from 

among  winged  seeds  by  screening.  Sensitive  ad- 
justment of  fan,  air  stream,  or  gravity  separa- 

tor will  permit  further  cleaning  and  adequate 
separation  of  empty  from  full  seeds  with  wings 
intact.  Purities  of  85  to  95  percent  or  more  have 
been  obtained  {22,  3 A,  51,  5^). 

A  bushel  of  cones  weighs  40  to  50  pounds  and 
yields  from  1  to  3  pounds  of  seed  {8,  50,  51).  A 
minimum  of  6,400  and  a  maximum  of  29,000 
seeds  per  pound  were  found  among  55  samples 
weighed  by  Show  {Jfl).  Reported  averages 
representing  collections  made  largely  in  north- 

ern and  central  parts  of  the  species'  range  vary 
from  13.500  to  20,200  seeds  per  pound  (8,  22,  26, 
28,  34,  Itl,  U5,  U7,  50,  51,  52).  The  smaller  aver- 

ages are  most  realistic  since  samples  weighed  by 
several  investigators  contained  only  50  to  67 
percent  full  seeds  either  winged  or  wingless 
{22.  hi,  52). 

Incense-cedar  seed  does  not  keep  well  in  ordi- 
nary dry  storage  {hi),  but  high  viability  can  be 

maintained  for  several  years  in  very  cool  or 
cold  dry  storage.  In  limited  tests,  two  lots  re- 

tained 98-  and  74-percent  viability  after  extrac- 
tion from  air-dried  cones  and  storage  in  closed 

metal  containers  at  41 ""  F.  for  2  and  3  years,  but 
all  viability  was  lost  in  lots  stored  more  than  8 
years  {39).  It  is  now  common  practice  to  store 
incense-cedar  seed  near  0°  F.  in  cloth  bags  or  in 
plastic-lined  fibreboard  containers.  Several 
vears  of  cold  storage  have  proved  satisfactory, 
but  maximum  duration  before  seed  begins  losing 
viability  has  not  been  determined. 

Pregermination  treatments  and  germination 
tests. — Stratification  of  seeds  for  30  to  60  days 
at  37^  to  41°  F.  has  been  prescribed  to  increase 
the  amount  and  rate  of  germination  {18).  In 
four  tests,  germination  of  seed  stratified  28  to 
60  days  was  twice  that  of  unstratified  seed 
(table  1).  In  two  other  lots,  however,  germina- 

tion was  equally  good  for  unstratified  samples 
and  those  stratified  for  28  days  {27),  and  in 
another  lot,  germination  of  unstratified  seed 
was  higher.  Duplicate  samples  from  the  same 
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seed  lot,  one  stratified  and  the  other  untreated, 
must  be  tested  to  identify  seed  lots  that  benefit 
from  stratification. 

Conditions  prescribed  for  germination  tests 
are  exposure  of  seeds  on  top  of  layers  of  moist 
paper  in  transparent  plastic  boxes,  Jacobsen  ap- 

paratus, or  germinator  trays  for  28  days  at  di- 
urnally  alternating  temperatures  of  68°  F.  for 
16  hourib  and  86°  F.  for  8  hours  with  light  at 
least  during  the  high-temperature  period  (18). 
Germination  capacity  demonstrated  by  past  tests 
has  generally  ranged  from  18  to  43  percent  (4, 
6,  8,  22,  Sh,  1,1,  51,  52,  54).  Such  results  appear 
more  attributable  to  poor  seed  quality  than  to 
critical  deficiencies  in  test  methods.  Germina- 

tion above  60  percent  has  been  obtained  in  a  few 
tests  (27,  39,  U7 ,  53).  Highest  germination  98 
percent,  was  obtained  from  seed  stratified  for 

60  days  at  36°  F.  in  waxed  paper  pots  contain- 
ing moist  sand  and  peat  moss  and  then  germi- 

nated in  the  same  containers  placed  in  a  green- 
house at  temperatures  alternating  from  75°  F. 

during  the  day  to  55°  F.  at  night  (39). 
Viability  may  also  be  tested  by  use  of  tetra- 

zolium  solution  (18).  To  prepare  the  dry  seeds, 
wings  are  removed  and  a  1-  to  2-mm  segment  is 
clipped  from  the  cotyledon  end.  Prepared  seeds 
are  soaked  in  water  for  18  to  20  hours,  then 

immersed  in  a  1-percent  tetrazolium  solution 

and  kept  in  darkness  at  86°  F.  for  48  hours. 
Seeds  having  a  completely  stained  embryo  in  a 
completely  stained  endosperm  are  considered 
viable. 

Nursery  practice. — Sowing  may  be  done  either 
in  the  fall  or  in  the  spring.  Fumigation  of  .seed- 

beds previous  to  sowing  is  desirable.  Fall-sown 
seeds   germinate   earlier   and  more   uniformly 

than  those  sown  in  the  spring,  and  resulting 
seedlings  grow  larger  in  the  first  season  if  they 
escapp  damage  by  late  spring  frosts  (42).  For 
spring  sowing,  seed  stratified  naked  or  in  a 

moist  medium  at  35°  F.  for  28  to  45  days  is 
recommended;  though  well-timed  sowings  of 
unstratified  seed  have  produced  satisfactory 
crops  (3,  8,  2U,  U2) .  Some  spring-sown  seeds 
may  hold  over  to  produce  seedlings  the  following 
spring  (3,42). 

Winged  seeds  cannot  be  drilled  uniformly,  so 
broadcast  sowing  is  advisable.  Whether  drilled 
or  sown  broadcast,  incense-cedar  seed  should  be 
covered  about  one-fourth  to  one-half  inch  deep 
(42).  Burlap  mulch  has  proved  satisfactory  to 
keep  seedbeds  moist  (42),  but  sprinkler  irriga- 

tion achieves  the  same  results  without  a  mulch. 

Germination  is  epigeal  (fig.  5),  and  young 
seedlings  usually  have  two,  rarely  three,  coty- 

ledons (15).  Linear  leaves  about  i/o  inch  long 
develop  on  the  epicotyl,  On  the  first  branches, 
awl-shaped  transitional  leaves  appear  which 
grade  into  the  normal  scalelike  leaves  (19). 
Seedlings  grow  2  to  4  inches  tall  in  the  first 
season  and  develop  a  ramified  root  system. 
Young  seedlings  are  fairly  resistant  to  frost  and 
drought  (14,  31,  46).  They  are  preferentially 
attacked  by  cutworms,  however,  and  also  need 
protection  from  damping-off  (12,  14,  42,  45). 
In  the  north-central  Sierras  of  California,  they 
grow  about  as  well  unshaded  as  with  one-fourth 
shade  (42).  They  should  be  watered  regularly 
but  not  to  excess. 

Seedbed  densities  of  25  to  30  seedling  per 
square  foot  are  satisfactory.  Tree  percents  range 
from  20  to  75  (3,  8,  24,  42).  Generally,  1-0  or 
2-0  seedling  stock  is  used  for  outplanting,  but 

Table  1. — Lihocedrus  decurrens:  stratification  periods,  germination  test  conditions,  and  results 

Germination Averages  of  test  results 
test  conditions Sfratifi- O  l/i  a.  mi 

Germinative 
energy 

Germi- 
nation 

capacity Samples 

Data 

source cation 

period ' 
Temperature 

Dura- tion 

Day 

Night Amount Period 

Days 

°F. 

'F. 

Days 
Percent 

Days Percent Number 
0 

=  73 

347 

30 20 1 22 
60 

=  73 

347 

25 33 

10 

38 1 22 
0 86 

68 
28 37 4 27 

28 86 68 
21 

37 4 

27 

0 86 68 60 6 

32 

9 1 

53 

60 86 

68 60 
16 11 

18 

1 53 
0 

'69 

*69 

50 
1 1 4 

60 

*69 

'69 

15 

20 

1 4 
28-60 86 68 28-35 21 7 

8,18,55 60 75 
55 

60 98 1 

39 

'  Stratification  was  in  a  moist  medium  at  32°  to  41°  F. 
=  Mean  daily  maximum  surface  soil  temperature  in  greenhouse. 
'  Mean  daily  minimum  surface  soil  temperature  in  greenhouse. 
'  Average  greenhouse  temperature. 
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1-1,  2-1,  and  1-2  transplants  have  also  been 
produced.  Spring  outplanting  has  proved  best 
(42). 

Incense-cedar  may  also  be  reproduced  from 
cuttings  started  in  summer  or  autumn  under 
glass  (2,9). 

Figure  5. — Liboccdms  decurrcns,  incense-cedar:  seed- 
ling development  4,  7,  10,  and  17  days  after  germina- 
tion, 0.5  X. 
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Oleaceae — Olive  family 

LIGUSTRUM  L. 

by  Paul  O.  Rudolf 

Privet 

Growth  habit,  occurrence,  and  use. — The  priv- 
ets include  about  50  species  of  deciduous  or 

evergreen  shrubs  (rarely  trees)  native  chiefly 
to  eastern  Asia  and  Malaysia  to  Australia,  with 
one  species  in  Europe  and  northern  Africa. 
They  are  grown  primarily  for  their  handsome 
foliage  or  their  profuse  white  flowers  {13). 
Privets  are  also  valuable  for  wildlife  habitat. 
Two  species  have  been  used  for  s?ielterbelts  in 
South  Africa,  and  one  for  shelter  hedges  in 
Europe.  One  species,  L.  lucidum,  has  been 
planted  as  a  street  tree  in  warmer  regions  (13) 
and  cultivated  in  China  for  a  white  wax,  an 
exudation  of  the  branches  caused  by  an  insect, 
Coccus  pe-lah  (2).  Four  species  have  been 
planted  extensively  in  the  United  States  (table 
1).  Several  varieties  of  L.  vulgare  are  recog- 

nized. Although  most  of  them  are  distinguished 
morphologically,  some  of  these  varieties  may 
be  geographic  races. 

Flowering  and  fruiting. — The  small,  perfect, 
white  flowers  occur  in  rather  dense,  usually 
terminal  panicles,  and  bloom  in  the  summer 
(table  2).  The  fruits  are  one-  to  four-seeded 
(fig.  1)  berrylike  drupes  about  V;{  to  V2  inch 
(0.8  to  1.3  cm)  long.  They  ripen  in  the  fall, 
and  in  some  species,  persist  over  winter.  Spe- 

cific information  on  the  frequency  of  fruit  crops 
is  available  only  for  L.  vulgare  (9),  but  general 
observations  confirm  that  the  privets  usually 
bear  good  crops  of  fruit  almost  annually.  Ripe 
fruits  vary  in  color  from  dark  purple  to  black 
(table  3). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Ripe  privet  fruits  may  be  gathered  from 
the  bushes  by  hand  in  the  late  fall  or  early 
winter.  The  fruits  should  be  run  through  a 
macerator  with  water  to  separate  the  seeds 
from  the  pulp.  One  hundred  pounds  of  fresh 
fruit  yields  about  40  to  50  pounds  of  cleaned 
seed.  Information  on  soundness  and  number  of 
seed  per  pound  for  four  specimens  is  given  in 
table  4. 

Russian  growers  report  that  seed  of  L.  vul- 
gare will  keep  1  to  2  years  in  ordinary  dry 

storage  (4,  16).  A  better  practice  probably 
would  be  to  store  the  seed  dry  in  sealed  con- 

tainers at  low  temperatures  {19). 

Pregermination  treatments. — Privet  seeds 
that  have  been  extracted  from  the  berries  and 
kept  moist  will  germinate  promptly  without 
stratification  (5).  Stored  seeds  of  L.  vulgare, 
however,  require  a  60-  to  90-day  period  of  cold 
stratification  (32°  to  36°  F.)  to  induce  prompt 

A.K. 

North  Central  Forest  Exp.  Stn. 

seedcoat 

cotyledons 

endosperm 

hypocotyl 
radicle 

Figure  1. — Ligustrum  sinense,  Chinese  privet:  A,  exte- 
rior view  of  seed;  B,  longitudinal  section;  C,  cross section.  (14  X.) 
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germination  (5,  1J^,  18).  In  Russia,  a  15-day 
period  of  warm  stratification  (64°  to  68°  F.) 
preceding  cold  stratification  has  been  used  on 
some  seed  lots  (i-4). 

Germination     tests. — Germination    may    be 
tested  using  stratified  seed  in  sand  flats  or  ger- 

minators.  The  tests  should  be  run  for  60  days 

at  86°  F.  (day)  and  50°  (night)  (5,  18).  Ap- 
parently light  is  not  needed  for  germination. 

Germination  of  L.  vulgare  seed  averaged  77 
percent  in  73  tests  (5,  15,  18).  Germination  is 
epigeal  (11)   (fig.  2). 

Table  1. — Ligustrum:  nomenclature,  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common 
names Occurrence Uses 

L,  amurense  Carr.      Amur  privet     Japan  and  northern  China;  naturalized  in  south-       H,  S,  W,  E 
L.  ibota  var.  amurense  eastern  United  States. 

Hort. 

L.  japonicum  Thunh    Japanese  privet    Japan,    Korea;     naturalized    in    eastern    United       E,  H,W 
States. 

L.  lucidum  Ait        glossy  privet    China,  Korea,  Japan;  naturalized  in  southeastern       S,E,W,  H 
United  States. 

L.  vulgare  h.       .    European  privet,         Europe,  North  Africa,  western  Asia;  naturalized       H,  S,  W,  E 
common  privet.  in  northeastern  United  States. 

'H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 

Table  2. — Ligustrum:  phenology  of  flowering  and  fronting 

Species Location 
Flowering 

dates 

Fruit  ripening 

dates 

Data 

source 

L.  amurense    Eastern  United  States    June  to  July  ,       Sept.  to  Nov.     2,12,13,22 
L.  japonicum.- -.    Northeastern  United  States     July  to  Aug       Oct.  to  Nov     2,13,22 

Japan         June         Nov.          1 
Southeastern  United  States    June  to  July    Sept.  to  Nov    12 

L.  lucidum.         Eastern  United  States        July  to  Aug     Oct.  to  Nov.'    2,  13,  20,  22 
Germany        Aug.  to  Sept     7 
Japan        June  to  July..     Nov.  to  Dec...         1,10 

L.  vulgare    Northeastern  United  States    June  to  July    ....    Sept.  to  Oct.'    13,22 
Europe        May  to  July  Aug.  to  Nov    8,  9, 16,  21 

'  Persists  over  winter. 

Table  3. — Ligustrum:  height,  year  of  first  cultivation,  and  fruit  riveness  criteria 

Species 
Height  at 
maturity 

Year  of 
first 

cultivation 

Ripe 
fruit 
color 

Data 
source 

L.  amurense.-- 
L.  japonicum- 

L.  lucidum. 
L.  vulgare. 

Feet 
5  to  16 
6  to  10 
(rarely to  35) 
10  to  33 
7  to  16 

1860      Black,  slightly  bloomy 
1845...        Purple-black   

1794      Blue-black  or  purple-black. 
In  ancient  times     Lustrous,  black   

2,13 13,20 13 

13 

Table  4. — Ligustrum:  cleaned  seeds  and  dried  berries  per  pound  and  seed  soundness 

Species Place  of  collection 
Dried 
berries 

per  pound 

Seed 

sound- 
ness 

Cleaned  seeds  per  pound 
Range 

Average    Samples 
Data 
source 

L.  amurense --.  Northeastern  United 
States. 

L.  japonicum.  .  Japan 
L.  lucidum    Eastern  United  States 
L.  vulgare     Russia,  eastern  United 

States. 

Number 

17,000 

3,600 
6,800 

Percent 
97 

20 
98 
90 

Number 

12,000-31,000 

5,000-63,000 

Number    Number 

22,000  4-f 

12,500 18,600 

4-t- 

'91-t- 
6,17 
1 

17,18 
4,15,16,17 

'  Average  purity  was  91  percent. 
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Figure  2.—Ligustrum  vulgare,  European  privet:  seed- 
ling development  at  1,  5,  50,  and  132  days  after  ger- 

mination. 

Nursery  practice. — Privet  seed  may  be  sown 
in  the  fall,  or  stratified  seed  used  in  the  spring 
(2).  One  recommendation  is  to  sow  seed 
promptly  after  early  collection  and  extraction 
(September)  before  the  seeds  have  become 
more  than  superficially  dry  (5).  Recommended 
practices  in  the  Netherlands  are  to  store  the 
seed  of  L.  vulgare  dry  over  winter,  stratify  it 
in  May  and  then  sow  it  broadcast  next  fall  at  a 
rate  to  produce  40  seedlings  per  square  foot, 
covering  the  seed  with  14  inch  soil,  and  mulch 
the  beds  with  pine  straw  over  winter  (9).  One- 
or  two-year  seedlings  are  used  for  outplanting 
(3). 
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Lauraceae — Laurel  family 

LINDERA  BENZOIN  L.  Blume  Spicebush 

by  K.  A.  Brinkman  ^  and  H.  M.  Phipps  ̂  

Synonyms. — Benzoin  aestivale  (L.)  Nees;  B. 
odorifcrum  Nees. 

Other  common  names. — common  spicebush, 
feverbush,  wild  allspice. 

Growth  habit,  occurrence,  and  uses. — Com- 
mon spicebush  is  a  deciduous  shrub  to  15  feet 

tall,  native  from  Maine  to  Ontario  and  Kansas, 
south  to  Florida  and  Texas  {6).  Cultivated  since 
1683,  it  is  valuable  for  wildlife  food  and  en- 

vironmental plantings.  The  fruits  are  eaten  by 
grouse,  quail,  pheasants  and  other  birds  (5). 

Flowering  and  fruiting. — Flowers  are  dioe- 
cious or  polygamous  and  appear  from  March 

to  May  before  the  leaves  {2).  The  fruit  is  a 
red,  drupaceus  berry  (color  plate)  ripening  in 
August  or  September  (6).  Each  fruit  con- 

tains a  single  seed  that  is  light  violet  brown 
with  flecks  of  darker  brown  (figs.  1  and  2). 

Collection  of  fruit,  extraction  and  storage  of 
seed. — Spicebush  fruit  may  be  collected  in  Sep- 

tember or  October  (9).  The  fresh  fruit  should 

be  pulped  in  water,  the  pulp  floated  off",  and 
the  seed  thoroughly  air-dried  iS).  One  hundred 
pounds  of  fruit  yields  15  to  25  pounds  of  seed. 
Two  samples  had  4,500  and  4,600  seeds  per 
pound.  Spicebush  seed  usually  loses  its  viability 
soon  after  maturity,  but  storage  at  low  tem- 

peratures may  prolong  viability. 
Pregermination  treatment. — Spicebush  seed 

has  a  dormant  embryo  that  responds  to  strati- 

fication for  30  days  "at  77'  F.,  followed  by  90 
days  in  peat  at  34'  to  41-  (7).  Good  results 
were  also  obtained  with  120  days  stratification 

In  peat  or  sand  at  41"  (<S,  1).  In  a  later  test, 
Olney  (.5)  reported  best  results  after  stratify- 

ing seed  for  105  days  in  sand  at  41°  F. 
Germination  tests. — Tests  may  be  made  in 

moist  peat  or  sand  at  a  constant  temperature 

of  77°,  or  at  alternating  temperatures  of  86° 
(day)  and  68°  (night).  Germinative  energy  is 

North  Central  Forest  Exp.  Stn. 

70  to  100  percent  in  14  to  28  days  for  treated 
seed,  and  total  germination  ranges  from  85  to 
100  percent  {8). 

Nursery  practice. — Spicebush  seed  should  be 
sown  in  the  fall  and  mulched  over  winter.  The 

mulch  should  be  removed  in  April  or  May  be- 
fore germination  begins.   Stratified  seed  may 

Figure  1. — Lindcra  benzoin,  spicebush:   seed,  3    X. 

r9r 

lq 

Figure  2. — Lindera  benzoin,  spicebush:  longitudinal  sec- 
tion through  a  seed,  5  X . 
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be  sown  in  the  spring.  From  70  to  80  percent 
of  the  sound  seed  can  be  expected  to  produce 

seedlings  (fig.  3~».  Spicebush  grows  well  in  soils of  pH  4.5  to  6.0  U). 
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Figure  3. — Lindera  benzoin,  spicebush:  seedling  devel- 
opment at  2,  3,  and  10  days  after  germination. 

1 
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Hamamelidaceae — Witch-hazel  family 

LIQUIDAMBAR  STYRACIFLUA  L.  Sweetgum 

by  F.  T.  Bonner ' 

Other  common  names. — redgum,  American 
sweetgum,  sapguni,  bilsted. 

Growth  habit,  occurrence,  and  use. — Sweet- 
gum is  native  to  a  variety  of  sites  from  Con- 

necticut and  southern  Illinois,  south  to  central 
Florida  and  northeastern  Mexico.  It  also  occurs 

in  Central  America  south  to  Nicai'agua.  This 
large  deciduous  tree  reaches  heights  of  50  to 
150  feet  at  maturity  (11).  Sweetgum  is  very 
valuable  for  pulp,  lumber,  and  veneer.  The 
seeds  are  eaten  by  many  species  of  birds  (18), 
and  the  tree  has  been  planted  as  an  ornamental. 
It  was  first  cultivated  in  1681  (15). 

Flowering  and  fruiting. — The  small,  greenish, 
monoecious   flowers  bloom  in  March  to   May. 

'  Southern  Forest  Exp.  Stn. 

Figure  1. — Liquidmnhar  styraciflua,  sweetgum:  fruiting 
head, 1  X . 

The  pistillate  flowers  are  bronze  in  axillary, 
globose  heads,  which  form  the  1-  to  li/i-irich- 
diameter  multiple  heads  of  small  two-celled 
capsules  (fig.  1).  The  lustrous  green  color  of 
the  fruiting  head  fades  to  yellowish  green  or 
yellow  as  maturity  is  reached  in  September  to 
November  (-4,  20).  The  beaklike  capsules  open 
at  this  time,  and  the  small,  winged  seeds  (figs. 
2  and  3),  one  or  two  per  capsule,  are  dispersed. 
Empty  fruiting  heads  often  remain  on  the 
trees  over  winter.  Fair  seed  crops  occur  every 
year  and  bumper  crops  about  every  3  years 
(15).  Late  spring  freezes  can  completely  wipe 
out  a  seed  crop  (4).  Trees  bear  good  crops  as 
they  reach  20  to  30  years  of  age  (15). 

Collection,  extraction,  and  storage. — Mature 
fruit  heads  must  be  picked  from  standing  trees 
or  logging  slash  before  speed  dispersal.  The 
best  indicator  of  maturity  is  the  fading  of  the 
green  color  (4).  Fruit  heads  picked  prema- 

turely may  be  ripened  by  storing  them  moist 
at  40"  F.  for  about  a  month  (5).  The  fruit 
heads  should  be  spread  to  dry  until  they  open 
and  release  the  seeds.  This  operation  may  take 

^0 

iPlGUKE    2. 

1    8  X. 
-Liquidamhar   styraciflua,   sweetgum:    seed, Figure  3. — Liquidamhar  styraciflua,  sweetgum:   longi- 

tudinal section  through  a  seed,  12  X. 
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5  to  10  days,  after  which  vigorous  shaking  will 
complete  the  extraction.  Trash  and  the  sawdust- 

like aborted  seeds  can  be  removed  with  fanning 
mills  or  air-screen  cleaners  {Jt,  15).  From 
mostly  southern  collections,  the  following  yield 
data  were  obtained: 

Weight  of  a  bushel  of  air-dried  fruiting  heads  (1  sam- 
ple) was  8.5  pounds  {13). 

Weight  of  cleaned  seeds  per  bushel  of  fruiting  heads  (3 
samples)  was  0.8  pounds  (12, 13, 15). 

Number  of  seeds  per  fruiting  head  (144  samples)  was 
56  (3,4,9,12). 

Range  in  number  of  seeds  per  pound  (40  samples)  was 
65,000  to  98,400  with  an  average  of  82,000  (3,  15,  17). 

Purity  of  90  to  95  percent  and  soundness  of  80 
to  90  percent  have  been  attained  {15).  Sweet- 
gum  seeds  should  be  stored  at  a  moisture  content 

between  10  and  15  percent  in  sealed  bags  at  35° 
to  40"  F.  Initial  viability  has  been  maintained 
for  at  least  4  years  under  these  conditions  {U). 
Pregermination  treatments. — Sweetgum  seeds 

exhibit  only  a  shallow  dormancy,  but  germina- 
tion rate  is  considerably  increased  by  cold,  moist 

stratification.  Naked  stratification  in  plastic 

bags  at  33°  F.  or  mixing  with  wet  sand  at  41° F.  have  been  successful.  Duration  of  treatment 
can  range  from  15  to  90  days;  30  days  is  a 
common  period  (5,  ̂ ,  15).  Sources  from  the 
southern  part  of  the  range  require  less  stratifi- 

cation than  northern  sources  (21).  Satisfactory 
afterripening  of  sweetgum  has  also  been 
achieved  by  soaking  the  seeds  for  14  to  20  days 

in  water  at  35°  to  41°  F.  (4,  15). 
Germination  tests. — Satisfactory  tests  may 

be  obtained  with  either  constant  or  alternating 
temperature  regimes  (table  1).  Light  is  not 
necessary  for  germination  of  stratified  seeds 
{2).  Tetrazolium  staining  {6)  and  the  excised 
embryo  method  {6,  8)  also  provide  reliable 
tests  of  viability.  Germination  is  epigeal  (fig.  4) . 

Nursery  practice. — Stratified  seeds  should  be 
broadcast  or  drilled  in  the  spring  to  achieve  a 
seedling  density  of  20  to  25  per  square  foot 
(4).  Mix  aluminum  powder  (4  tablespoons  per 
100  pounds  of  seed))  with  wet  stratified  seed 
to  achieve  easy  flow  in  the  seeder  {16).  The 
seeds  should  be  sown  on  the  surface  and  lightly 

pressed  into  the  soil  with  a  roller.  A  14-  to 
V2-inch  mulch  of  sawdust,  sand,  or  chopped 
pine  straw  should  be  applied  (7,  10,  15,  19). 
Good  weed  control  in  sweetgum  beds  can  be 
obtained  with  sprays  of  mineral  spirits.  Apply 
10  to  12  gallons  per  acre  with  two  sprayings 
a  week,  and  gradually  increase  the  rate  to  25 
to  30  gallons  per  acre  as  the  season  progresses 
{H).  Fumigation  of  nursery  beds  with  methyl 
bromide  prior  to  seeding  is  very  beneficial. 

Figure  4. — Liquidamhar  styraciflua,  sweetgum:  seedling 
development  at  2  and  30  days  after  germination. 

Table  1. — Liquidamhar  styraciflua:  germination  test  conditions  and  results 

Germination  test  conditions 
_     Germinative 

energy 

Germinative capacity 

period 
Daily 

light 

period 

Medium 
Temperature 

Day        Night Dura- 
tion 

Data 

at  33°  F. Amount    Period Average  Samples source 

(days) 
0 

30 
15-45 

Hours 

8 
8 

none 

blotter  paper 
Kimpak   
blotter  paper 

"F. 

86 86 

85 

"F. 

68 

68 
85 

Days 28 

25 

30 

Perceyit      Days 

76             21 
86             14 

Perceyit  Number 

85             14 
95             23 
85             13 

1,  17 

17 

10 
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(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 
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Magnoliaceae — Magnolia  family 

LIRIODENDRON  TULIPIFERA  L.  Yellow-poplar 
by  F.  T.  Bonner  i  and  T.  E.  Russell  i 

Other  common  names. — tuliptree,  poplar,  tu- 
lip-poplar, white  poplar,  whitewood. 

Growth  habit,  occurrence,  and  uses. — Yellow- 
poplar  is  native  to  the  eastern  United  States 
from  Vermont  and  Michigan  south  to  Louisiana 
and  Florida.  It  grows  from  sea  level  to  4,500 
feet  elevation  in  the  Appalachians  and  to  1,000 

'  Southern  Forest  Exp.  Stn. 

feet  in  the  northern  part  of  its  range  {20). 
This  large  deciduous  tree  attains  heights  of 
80  to  120  feet  at  maturity  {17)  and  is  very 
valuable  for  lumber  and  veneer.  It  is  a  good 
honey  tree  and  is  planted  extensively  as  an 
ornamental.  Yellow-poplar  has  been  cultivated 
since  1663. 

Flowering  and  fruiting. — The  large,  perfect, 
colorful  flowers  of  yellow-poplar  open  from 
April  to  June  {16).  The  fruit  is  an  elongated 
cone  composed  of  closely  overlapped  carpels 
that  are  dry,  woody,  and  winged  (fig.  1).  Each 
carpel  (samara)  contains  1  or  2  seeds  (fig.  2). 

rl4 
mm. 

pericarp 

seed  coat 

endosperm 

aborted  seed 

embryo 

Figure  1. — Liriodendron  tulipifera,  yellow-poplar:  cone 
and  single  samara,  2  X . 

lq 

Figure  2. — Liriodendron  tulipifera,  yellow-poplar:  lon- 
gitudinal section  through  an  embryo  of  a  samara,  4  X. 

The  cones  turn  from  green  to  tan  or  light  brown 
as  they  ripen;  they  mature  from  early  August 
in  the  northern  part  of  the  range  {10)  to  late 
October  in  the  South  (4,  32).  Good  seed  crops 
occur  almost  every  year;  failures,  as  well  as 
bumper  crops,  occur  infrequently  {20,  22).  Al- 

though trees  as  young  as  9  years  old  have  been 
reported  to  bear  fruit  {22),  the  normal  com- 

mercial seed-bearing  age  of  yellow-poplar  is 
15  to  20  years  {17).  As  the  mature  cones  dry 
on  the  trees  they  break  apart,  and  the  samaras 
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scatter.  Peak  dissemination  occurs  in  October 
and  November  (8,  30),  but  a  few  samaras  fall 
as  late  as  the  following  March  {8).  Samaras 
are  used  as  seeds  (figs.  1  and  2). 

Collection  of  fruits. — Cones  may  be  picked 
when  ripe  from  standing  trees  or  from  logging 
slash,  or  collected  from  squirrel  caches.  Seeds 
may  also  be  shaken  onto  canvas  or  plastic  sheets 

from  standing  ti'ees  in  early  winter  {28).  Dry 
weather  is  best  for  shaking,  as  cones  are  closed 
and  less  fragile  in  wet  weather.  Cones  from  the 
upper  two-thirds  of  the  crown  yield  more  full 
seeds  than  cones  from  the  lower  one-third  {11). 
The  percentage  of  full  yellow-poplar  seeds  is 
usually  quite  low,  because  of  inefficient  pollina- 

tion {6).  There  is  great  variation  between  trees 
in  this  regard,  but  individuals  regularly  pro- 

duce seeds  of  a  given  viability  {15,  29).  Seeds 

from  most  trees  avei'age  about  10  percent  full 
{3,  8,  12,  26,  28,  30),  but  individual  trees  with 
seeds  as  high  as  35  percent  full  have  been 
found  {Jf,  7). 

Cones  should  be  spread  out  to  dry  imme- 
diately after  collection.  Drying  suflicient  to  sep- 

arate the  samaras  usually  requires  7  to  20  days, 
depending  on  temperature,  humidity,  and  cone 
moisture  content  {22). 

Extraction  and  storage  of  seeds. — Thoroughly 
dried  cones  can  be  broken  apart  by  hand  shuck- 

ing, flailing,  treading,  or  by  running  through 
a  hammer  mill  or  macerator  (^,  25,  28).  There 

are  80  to  100  samaras  per  cone  (i,  28).  Yield 
data  from  various  locations  (table  1)  suggest 

that  southern  samai-as  are  larger  than  northern 
ones.  Dried  samaras  (seeds)  may  be  stored  in 

sealed  cans  or  plastic  bags  at  36'  to  40°  F. for  several  years  without  loss  of  viability  {22). 
Excellent  results  have  also  been  reported  for  3 
to  4  years  moist  storage  in  outdoor  soil  pits 
{21,  31)  or  in  drums  of  moist  sand  held  in 

cold  storage  at  36  '  F.  {22).  Cold,  moist  storage 
is  the  equivalent  of  long  stratification. 

Pregermination  treatments. — Seeds  to  be 
sown  in  the  spring  and  seeds  taken  from  dry 
storage  need  pregermination  treatments  to 

overcome  an  internal  dormancy  {28).  Sevei'al 
treatments  have  proved  satisfactory:  (a)  stor- 

age in  moi.st,  well-drained  pits  or  mounds  of 
soil,  sand,  peat,  or  mixtures  of  these  media 
from  overwinter  to  as  long  as  3  years  {28,  31)  ; 
(b)  cold,  moist  stratification  in  bags  of  peat 
moss  or  sand  and  peat  for  60  to  90  days  {3,  9)  ; 
or  (c)  cold,  moist,  naked  stratification  in  plastic 
bags  for  140  {1)  or  168  days  (5).  Recommended 
temperatures  for  cold  storage  stratification  are 

a  constant  35°  or  36°  F.  {3,  h,  1,  22).  Alter- 
nating weekly  temperatures  of  32°  and  50° 

(.9)  or  36°  and  54°  F.  (.5)  have  also  been  suc- cessful. 

Cermination  tests. — Satisfactory  test  meth- 
ods for  stratified  seeds  are  given  in  table  2. 

Viability  can  also  be  determined  bv  tetrazolium 

Table  1. — Liriodendron  tuUpifera:  cleaned  .seeds  per  jwinid  and  other  yield  data 

Place  of  collection 
Cones       Seeds  per        Seeds  per 
per        100  pounds         bushel 

bushel        of  cones  of  cones 

Cleaned  seeds  per  pound 

Range 
Average       Samples 

Data 
source 

Warren  Co.,  Miss.  - 
Oktibbeha  Co.,  Miss. 
North  Carolina  \    . 
Eastern  Tennessee . 
New  York      _ 

Pouvds        Pounds 

30 
25 

30-80 
28-83 

Pounds 
6y4-6y2 

5% -8 
7-13 

Number 

4,288-  7,804 

14,710-34,050 

6,880-14,050 
10,000-24,000 
9,926-18,000 

Number 

5,751 18,680 

10,630 
14,000 

Number 

3 

9 

9 

18 

U 
3 

32 

12 

28 
26 

^  Seed  moisture  content  was  10  percent  when  the  counts  were  made. 

Table  2. — Liriodendron  tuUpifera:  germination  test  conditions  and  results  on  stratified  seeds 

Stratification 
treatment 

Germination  test  conditions 

Temper-     Dura- 
ature  tion 

Daily 

light      Medium 

period 

Temperature         Dura- 
Germinative 

energy 
Germinative 
capacity 

Purity 

Data 

Day        Night tion       Amount    Period    Average  Samples 
"F. Days Hours 

"F. 

"F. 

Days 

Percent 

Days 

Percent  Number Percent 
35 60-90 

^8 

Kimpak 
86 

08 

38 72 

26 80             11 88 
3,13 36 140 12 soil    _      . 75 65 

49 

81 40 90               6 23 

'  Light  is  optional  under  ISTA  Rules  (13). 
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testing  {13)  and  with  soft  X-rays  {llf,  27). 
The  X-ray  method  is  especially  useful  because 
of  the  low  percentage  of  filled  seeds  in  yellow- 
poplar.  A  high  percentage  of  seeds  shown  as 
full  by  X-rays  will  germinate  {27).  Treating 
seeds  with  Thiram  (Arasan  75,  5  percent  of 
seed  dry  weight  in  a  10-percent  Dow  Latex 
512R  sticker)  following  stratification  boosted 
germination  and  seedling  establishment  {23). 
Germination  is  epigeal   (fig.  3). 

Nursery  practice. — Untreated  seeds  may  be 
sown  in  the  fall,  but  stratified  seeds  must  be 
used  for  spring  sowing.  Seeds  may  be  broadcast 
at  rates  of  4  to  11  pounds  per  400  square  feet 
of  bed  space  {32).  Seeds  also  have  been  sown 
in  rows  8  to  12  inches  apart  at  a  rate  of  50 
to  75  seeds  per  linear  foot  {28).  Bed  densities 
of  25  to  30  seedlings  per  square  foot  are  rec- 

ommended {2Jf).  The  seeds  should  be  covered 
with  1/4.  inch  of  soil  or  1/2  to  1  inch  of  sawdust 
{19,  28,  32).  Shading  for  1  to  2  months  from 
the  start  of  germination  has  been  recommended 

{28).  Fumigation  with  MC-33  (67  percent 
methyl  bromide  plus  33  percent  chloropicrin) 
at  300  pounds  per  acre  is  recommended  for 
control  of  cylindrocladium  root  rot  {Cylindro- 
cladium  scoparium)    (2). 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 
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Fagaceae — Beech  family 

LITHOCARPUS  DENSIFLORUS  (Hook.  &  Arn.)  Rehd. 

by  Douglass  F.  Roy  ' 

Tanoak 

Synonyms. — Quercus  densiflora  Hook.  &  Am., 
Pasania  densiflora  (Hook.  &  Arn.)  Oerst. 

Other  common  name. — tanbark-oak. 
Growth  habit,  occurrence,  and  use. — Tanoak 

is  an  evergreen  hardwood  which  grows  in  four 
general  forms — the  spire  shaped  (similar  to 
conifers),  the  round  headed,  the  shrubby  or 
deep  shade  form,  and  the  stunted  chaparral 
form.  In  close  stands,  particularly  the  dense 
coniferous  forests,  tanoaks  develop  central  axes, 
narrow  crowns,  upright  branches,  and  long 
trunks  which  are  clear  for  30  to  80  feet.  In 
open  stands,  however,  especially  in  association 
with  other  hardwoods,  tanoaks  are  free  branch- 

ing, with  broad  crowns,  large  horizontal  limbs, 
and  short,  thick  trunks.  Main  trunks  divide 
into  several  large  branches  forming  rounded 
crowns  {3,  Jt,  6,  11,  13).  In  height,  tanoak 
generally  is  a  medium-sized  tree  from  50  to  150 
feet  tall.  The  tallest  tree  reported  was  208  feet 
high  and  4.5  feet  in  diameter  (7). 
Tanoak  ranges  from  southwestern  Oregon 

southward  through  the  Coast  Ranges  to  north 
of  Santa  Barbara,  California.  The  natural  range 
also  extends  eastward  from  the  Humboldt  Bay 
region  to  the  lower  slopes  of  Mount  Shasta, 
thence  intermittently  southward  along  the  west 
slope  of  the  Sierra  Nevada  as  far  as  Mariposa 
County.  It  grows  from  1,900  to  5,000  feet  in 
elevation  {13). 

Tanoak  occasionally  is  cultivated  in  parks 
and  can  be  used  for  erosion  control.  Although 
the  wood  now  is  used  mainly  for  fuel,  it  has 
been  chipped  for  particle  board  manufacturing 
and  pulped.  Other  uses  are  for  flooring,  furni- 

ture veneer,  garden  tool  handles  and  baseball 
bats  (8).  Bark  of  tanoak  has  furnished  the 
best  tannage  known  for  the  production  of  heavy 
leathers.  For  example,  it  gives  excellent  plump- 

ing when  used  to  tan  sole  or  saddle  leather  {11). 

Indians  in  California's  North  Coast  Range  ob- 
tained one  of  their  principal  foods  from  tanoak. 

The  large  acorns  were  ground,  leached,  and 
then  prepared  as  a  soup,  cooked  mush,  or  kind 
of  bread.   Although  tanoak  acorns  have  hard 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 
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coats  (the  generic  name,  Lithocarpus,  alludes 
to  the  hard  acorn)  several  game  birds  and  ani- 

mals devour  them  with  gusto.  Hogs  and  cattle 
also  relish  the  fruit  {11). 

Geographic  races. — A  shrubby  variety  of  tan- 
oak (L.  densiflora  var.  echinoides  (R.  Br.) 

Abrams)  grows  near  Mount  Shasta,  California, 
on  the  west  slope  of  the  northern  Sierra  Nevada, 
in  the  Salmon  and  Klamath  Mountains,  and 
northward  through  the  Siskiyou  Mountains 
into  southern  Oregon  {9,  11).  This  dwarf  or 
mountain  variety  is  part  of  the  chaparral  cover 
found  on  mountain  tops  and  ridges.  It  assumes 
many  of  the  characteristics  of  the  other  chapar- 

ral shrubs,  such  as  low  stature,  ranging  from 
1  to  10  feet  high,  rigid  branches,  and  small, 
thin  leaves  {6). 

Flowering  and  fruiting. — Blossoms  may  ap- 
pear in  spring,  summer,  or  autumn.  However, 

most  tanoaks  bloom  in  June,  July  or  August. 
Trees  at  lower  elevations  and  near  the  coast 
bloom  earlier  than  trees  at  higher  elevations 
and  further  inland. 

Almost  all  flowers,  both  male  and  female,  are 
borne  on  new  shoots  of  the  year  {1,  13),  where 
they  grow  from  the  axils  of  the  new  leaves  {3). 
Flowers  occasionally  develop  from  buds  found 

at  the  base  of  leaves  of  the  previous  year's 
growth. Female  flowers  are  borne  at  the  base  of  erect 
male  catkins.  The  profusion  of  the  yellowish 
blossoms  which  sometimes  conceal  the  foliage 

suergested  the  tree's  specific  scientific  name  {6). 
The  fruit  is  an  acorn  (fig.  1)  and  ripens  in 

the  second  autumn.  Acorns  usually  are  borne 
sincfly,  in  twos,  or  in  threes ;  but  occasionally 
more  than  three  are  clustered  together. 

Collection  and  extraction. — Tanoak  is  a  heavy 
seeder.  In  fact,  no  oak  on  the  Pacific  coast  pro- 

duces heavier  crops  of  acorns  {6).  Trees  are 
heavilv  laden  almost  every  alternate  year,  and 
complete  seed  crop  failures  are  rare.  Acorns 
may  be  collected  from  standing  trees.  Cleaning 
involves  only  the  removal  of  the  cups. 

Fruit  ripens  between  September  20  and  No- 
vember 1  when  its  color  changes  from  green 

to  shades  between  light  yellow  and  brown.  If 
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Figure  1. — Lithocarpus  densiflorus,  tanoak:  acorns,  1  X. 

possible,  collection  should  be  delayed  until  some 
acorns  fall  because  those  falling  first  usually 
are  insect  infested   {11). 

Tanoak  acorns  are  large — 1  to  2  inches  (25 
to  50  mm.)  long  (5,  1J^)  and  0.6  to  0.7  inch  (15 
to  18  mm.)  in  diameter  (11) — and  heavy  (fig. 
2).  There  were  57  and  110  cleaned  seeds  per 
pound  in  2  samples  (12,  IJf).  The  yield  of 
cleaned  seed  was  78.6  pounds  per  100  pounds 
of  fruit  (acorns  plus  cups)  and  the  weight  of 
a  bushel  of  cleaned  seed  was  26.5  pounds.  (12). 

Germination. — No  dormancy-breaking  treat- 
ments are  necessary  for  tanoak  seed.  Acorns 

should  be  sowed  immediately  after  collection 
in  very  light  soil  or  peat.  If  not  planted  imme- 

diately they  may  be  stratified  in  a  moist  medium 

at  a  temperature  between  32^  F.  and  41"  F. — 
not  to  improve  germination  but  to  retard  it 
until  spring  sowing  can  be  completed   (H). 

In  one  test,  germination  of  tanoak  acorns 
began  22  days  after  they  are  sown  in  outdoor 
peat  seedbeds  (10).  Germinative  capacities  of 
19  and  78  percent  in  85  days  were  recorded 
(10,  H).  Better  results  have  been  obtained 
in  the  greenhouse  when  fungicide  treated  acorns 
were  placed  in  a  moist  1 :1  vermiculite-perlite 
mix.  Here  germination  began  within  7  to  10 
days  (2).  Germination  is  hypogeal  (fig.  3). 

Figure  2. — Lithocarpus  densiflorus,  tanoak:  longitudinal 
section  through  an  acorn,  1.7  X. 

Figure    .3. — Lithocarpus    densiflorus,    tanoak:    seedling 
development  2  months  after  germination. 
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Caprifoliaceae — -Honeysuckle  family 

LONICERA  L. 

LONICERA 

Honeysuckle 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence,  and  use. — The  hon- 
eysuckles include  about  180  species  of  de- 

ciduous, sometimes  evergreen,  upright  shrubs, 
or  climbing  vines  found  throughout  the  North- 

ern Hemisphere  south  to  Mexico,  north  Africa, 
Java,  and  the  Philippines.  Many  species  are 
widely  planted  for  their  attractive,  often 
fragrant,  flowers  and  ornamental  fruits.  Some 
species  furnish  food  and  cover  for  wildlife, 
while  others  are  valuable  for  erosion  control 

'  North  Central  Forest  Exp.  Stn. 

and  shelterbelt  planting.  Of  the  10  species  now 
used  or  considered  valuable  for  conservation 
plantings,  seven  are  native  to  this  country 
(table  1).  Lonicera  tatarica  has  been  used  more 
than  the  other  honeysuckles  in  conservation 
plantings,  especially  in  shelterbelts.  This  spe- 

cies, L.  maackii,  and  L.  morrowii  have  been 
widely  planted  over  much  of  the  northern 
United  States  and  have  become  naturalized  in 
many  areas.  The  larger  species  are  especially 
valuable  for  wildlife  and  environmental  plant- 
ings. 

Table  1. — Loyiicera:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names  Common 
and  synonyms  names 

L.  canadensis  Marsh    fly  honeysuckle, 
L.  ciliata  Muhl.  American  fly 

honeysuckle. 
L.  chrysantha  Turcz    coralline  honeysuckle 

L.  gibbiflora  Rupr. 
L.  dioica  L    limber  honeysuckle, 

L.  glauca  Hill.  mountain 
L.  media  Murr.  honeysuckle. 

L.  glaucescens  Rydb    Donald  honeysuckle, 
L.  dioica  var.  glaucescens  glaucous  honey- 

( Rydb.)  Butters.  suckle,  Douglas 
honeysuckle. 

L.  hirsuta  Eat    hairy  honeysuckle 

L.  involucrata  (Rich.)  Banks  black  twinberry, 
Xylosteum  involucratmn  bearberry  honey- 
Rich,  suckle,  inkberry, 

Distegia  involucrata  skunkberry. 
Cock. 

L.  Ledeboiirii  Esch. 
I  L.  maackii  Maxim    Amur  honeysuckle 

L.  morrowii  A.  Gray    Morrow  honeysuckle 

L.  oblongifolia  (Go\die)  swamp  fly 
Hook.  honeysuckle. 

L.  tatarica  L    Tatarian  honeysuckle, 
twin  honeysuckle. 

Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

Quebec  to  Saskatchewan,  H_     _       .... 
south  to  Pennsylvania, 
Michigan,  and  Minnesota. 

Northeastern  Asia  to  Japan  H,  W,  S,  E 

Quebec  to  Manitoba,  south  H   
to  Georgia  and  Missouri. 

Quebec  to  British  Columbia,  H   
south  to  North  Carolina, 
Ohio,  Kentucky,  and  north- 

eastern Kansas. 

Quebec  to  Saskatchewan,  H     
south  to  Pennsylvania,  Ohio, 
Minnesota,  and  Nebraska. 

Alaska  to  southern  California, 
east  to  Alberta,  and  northern 
Mexico.  Also  Ontario  to 
Wisconsin. 

K.  A.  Brinkman. 

P.  O.  Rudolf. 

K.  A.  Brinkman. 

Do. 

Do. 

H,W,  E        Peter  F.  Stickney. 

Manchuria,  China,  Japan,  H,  W,  S,  E 
and  eastern  Siberia. 

Japan;  sometimes  naturalized       H,  W,  S,  E 
in  eastern  United  States. 

Quebec  to  Manitoba,  south  to 
Pennsylvania,  Ohio,  Michi- 

gan, and  Minnesota. 
Southern  Russia  to  Altai  and        H,  W,  S. 

Turkestan.  Naturalized  in 
eastern  United  States  and 
Canada. 

P.  0.  Rudolf. Do. 

H       K.  A.  Brinkman. 

Silas  Little. 

'  H :  habitat  or  food  for  wildlife,  W :  watershed,  S :  shelterbelt,  E :  environmental  forestry. 
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L.  glaucescens 
Donald  honeysuckle 

Figure  1. 
2  X. 

-Lonicera  involucrata,  black  twinberry :  fruit, 

L.  maackii 
Amur  honeysuckle 

L.  involucrata 

bearberry  honeysuckle 

Geographic  races. — The  distribution  of  sev- 
eral varieties  of  C.  coerula,  C.  chrysantha,  and 

C.  maackii  appears  to  be  related  to  origin.  For 
these  and  other  species  with  wide  ranges,  it 
is  probable  that  geographic  races  have  de- 
veloped. 

Flowering  and  fruiting. — The  small,  perfect 
flowers  of  honeysuckle  vary  from  white  or 
yellow  to  pink,  purple,  or  scarlet.  They  are 
borne  in  axillary  pairs  or  stemless  whorls, 
generally  in  the  spring  but  in  late  summer  for 
some  species  (table  2).  The  attractive  fruits 
(color  plate) — red,  orange,  blue,  or  black  (table 
3)  and  often  in  coalescent  pairs — ripen  in  the 
summer  or  early  fall  (fig.  1).  Depending  on 
species,  each  berry  contains  few  to  many  small 
seeds  (figs.  2  and  3)  (23).  Commercial  seed  may 

L.  tatarica 

Tatarian  honeysuckle 

Figure  2. — Lonicera:  seeds,  8  X. 

consist  of  dried  berries  or  cleaned  seed.  Good 
seed  crops  of  L.  maacJdi  and  L.  tatarica  are 
borne  nearly  every  year.  No  data  are  available 
to  show  how  old  the  plants  must  be  to  produce 
good  seed  crops.  Seed  dispersal  is  primarily  by 
birds  and  animals.  Fruits  of  L.  maackii,  L. 
morrowii,  and  L.  tatarica  will  remain  on  the 
bushes  well  into  the  winter  (13,  23). 

Table  2. — Lonicera:  phenology  of  flo)vering  and  fruiting 

Species Location 
Flowering 

dates 

April-July     _ 
May-June      - 

June   
May-July   
May-June     ... 
May-August . 
June   
June-July.    .. 

April-August 
June     

May   
May-June 

May       
May-June   
May-June   

Fruit  ripening 
dates 

Seed  dispersal 

dates 

Data 
source 

L.  canadensis- 
L.  chrysantha. 

L.  dioica   
L.  glaucescens. 
L.  hirsuta   
L.  involucrata.. 

Northeastern 
United  States, 

Japan   

Idaho. 

Eastern  United  States, 
Northern  Rockies, 

(3,500-7,500). 
Western  United  States 

L.  maackii      Northeastern 
United  States, 

Japan   
L.  morrowii     Northeastern 

United  States, 
Japan   

L.  oblongifolia       
L.  tataria         

July-August       July-September      5,  2i 
July-September        16,  lU 

July-August      2 
July-September   .  .  June-October    5,  16,  21* 
July-August       August-September.      1,  22,  2i 
September-October     July-October      16,  2U 
August    5 
July-August        19 

       12 
September-November    1 6,  25 

August-September    2 
June-August            7,  16,  25 

August-September            2 
July-August     May-August      5,  24. 
June-August    5,  7 
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r4m 

Figure  3. — Lonicera  tatarica,  Tatarian  honeysuckle: 
A,  longitudinal  section  through  a  seed;  B,  and  C, 
exterior  views  of  seed  in  two  planes.  (8  X.) 

Collection  of  fruits. — Honeysuckle  fruits 
should  be  hand-picked  or  stripped  from  the 
branches  as  soon  after  ripening  as  possible  to 
reduce  consumption  by  birds  (4).  Because  most 
species  hybridize  rather  freely,  it  is  better  to 
collect  fruits  from  isolated  bushes  or  groups. 
Colors  of  ripe  fruits  are  listed  in  table  3. 

Table  3. — Lo)ncera:  height  and  fruit  ripeness 
criteria 

Species 
Height 

at maturity 

Year  of 
first 

culti- vation 

Fruit  ripeness 
criteria 

Ripe 

color 

Data 

source 

Feet 
L. canadensis 5 1641 red..     5 
L. chrysantha. 

13 1854 coral  red 15 
L. dioica    8 1636 red 5 
L. glaucescens.. 5 1890 coral  red 23 
L. hirsuta    8 1825 red           16 
L. involHcrata.. 10 1828 

purple- 
black. 

12,  16 

L. maackii   16 1855 dark  red 
or  black. Ih,  15 

L. morroivii   7 1875 dark  red 15 
L. oblongifolia 5 1823 

orange- 
yellow  to 
deep  red. 

5 

T,. tatarica 9 1752 yellow  or red. 
7,   15 

Extraction  and  storage  of  seeds. — Unless  the 
seeds  can  be  extracted  immediately,  fresh  fruits 
should  be  spread  out  in  thin  layers  to  prevent 
heating.  Extraction  is  accomplished  by  macerat- 

ing the  fruits  in  water,  allowing  empty  seeds 
and  pulp  to  float  away.  After  a  short  drying 
period,  the  seeds  are  ready  for  sowing  or  stor- 

age. Available  data  on  seed  yields  and  weights 
are  shown  in  table  4. 

Although  air-dried  seeds  probably  can  be 
stored  at  room  temperature  for  several  years 
without  serious  losses  in  germination,  one  trial 
showed  that  germination  of  L.  oblongifolia  de- 

creased 20  percent  after  1  year.  For  L.  tatarica, 
Heit  (10)  and  Zaytzev  (26)  reported  that  seeds 
stored  at  60"  to  85  '  F.  showed  a  more  or  less 
continuous  drop  in  viability  with  length  of 
storage;  hardly  any  seeds  germinated  after  6 
years.  In  contrast,  Heit  (10)  found  little  loss 
in  viability  after  15  years  for  dried  seeds  stored 

in  sealed  containers  at  34"  to  38°  F.  Similar 
results  probably  can  be  expected  with  other 

species. 

Pregermination  treatments. — With  the  pos- 
sible exception  of  L.  canadensis  and  L.  dioica, 

seeds  of  all  species  show  some  dormancy.  In 
most  species  this  is  caused  by  a  dormant  em- 

bryo; in  others,  it  appears  that  the  seedcoat 
also  may  retard  germination.  Stratification  in 
sand  or  peat  at  low  temperatures  is  recom- 

mended to  overcome  embryo  dormancy,  but  for 
species  in  which  seedcoat  dormancy  also  is 
involved,  this  cold  treatment  should  be  pre- 

ceded by  warm  stratification  (table  5).  Without 
any  such  treatments,  germination  may  be  pro- 

longed over  a  period  of  6  months  or  longer  (22). 

Germination  tests. — Germination  can  be 
tested  in  sand  flats  or  in  a  germinator.  Light  is 
not  necessary,  at  least  for  L.  tatarica  (11).  For 

most  species,  alternating  temperatures  of  86° 
and  68°  F.  give  satisfactory  results  (table  6). 
Heit  (9)  found  that  seeds  of  L.  tatarica  re- 

quired a  temperature  of  68°  or  below  for  com- 
plete germination,  but  Sokolov  (18)  reported 

that  64  °  to  68°  was  needed  and  most  rapid 

Table  4. — Lonicera:  cleaned  seeds  per  pound  and  other  yield  data 

Species 
Seed  yield 

per  bushel of  fruit 

Cleaned  seeds  per  pound 
Range Average 

Samples 
Data  source 

L.  glaucescens   
L.  involucrata   
L.  maackii   
L.  morrowii   
L.  oblongifolia 
L,  tatarica   

Pounds 

ZZZ^             3 
            14 
              4 

          2^8 

Number 

227,000-477,000 
116,000-194,000 
114,000-191,000 
234,000-239,000 
116,000-198,000 

Number 

8,600 
326,500 
148,000 
152,000 
236,000 
142,000 

Number 
1 
3 
3 
2 
2 

25 

22 

6,  20,  21 
20,  21,  23 
20,  21 22 

1,  23 
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germination  occurred  at  77°  to  80°  F.  Germi- 
nation is  epigeal  (fig.  4). 

Nursery  practice. — Seed  of  Lonicera  species 
in  which  only  embryo  dormancy  is  expected  can 
be  sown  either  broadcast  or  in  drills  in  the  fall, 
or  stratified  and  sown  in  early  spring.  Seed  of 
species  believed  to  have  an  impermeable  seed- 
coat  as  well,  however,  should  be  sown  as  soon 
as  possible  after  collection  to  insure  germina- 

tion the  next  spring.  Nondormant  seeds  (L. 
canadensis  and  L.  dioica)  may  be  sown  in  the 
spring  without  treatment.  Seeds  should  be 
covered  with  one-eighth  to  one-quarter  of  an 
inch  of  nursery  soil  (i).  Mulching  with  2  to  3 
inches  of  straw  prevents  excessive  drying  of 
the  soil  and  seeds  (18).  Germination  of  L. 
tatarica  is  usually  complete  in  40  to  60  days 
after  spring  sowing.  This  time  can  be  shortened 
somewhat  by  soaking  the  seeds  in  water  for  2 
or  3  days  before  sowing  (23).  About  15  percent 
of  L.  tatarica  seed  sown  will  produce  usable 
1-0  seedlings.  One-  or  two-year  old  seedlings 
of  this  species  and  L.  maackii  are  suitable  for 
field  planting.  Many  honeysuckle  species  also 
are  grown  from  dormant  or  greenwood  cuttings 
(S). 
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Table  5. — Lonicera:  stratification  treatments 

Species Medium 
Warm  period Cold  period ■    Data  source 

Temperature Duration Temperature Duration 

L.  hirsuta   
L.  maackii   
L.  oblongifolia   
L.  tatarica   

   Sand  or  peat   
  do   
    -do   
  do     

°F. 

86-68 

11         86-68 

Days 

60 
0 

60 
0 

"F. 

41 
32-50 

41 

41 

Days 

60 

60-90 

90 
30-60 

23 
20 

23 8,  17 

Table  6. — Lonicera:  germination  test  conditions  and  results 

Germination  test 
conditions 

Germinative 
energy 

Germinative 
capacity 

Species 
Medium 

Temperature 

Day        Night Dura- tion 

Purity 

Amount    Period      Average     Samples 

Data 
source 

°F.  "F. 
L.  canadensis     _    Sand  86  68 
L.  chrysantha      ..     _    _ 
L.dioica      Sand    86  68 
L.  hirsuta   do    86  68 
L.  involucrata   
L.  oblongifolia. ^    Sand   ._  86  68 
L.  tatarica   do    86  68 

Days 

90 

80-100 
100 

60 

60-90 

Percent     Days        Percent      Number  Percent 

33 
58 

25 
33 

100 

78-91 

95 
43 
83 

37 

85 

1 
4 
2 
1 
1 
2 

18 

90 

90 
92 

22 
26 

23,  26 23 

21 

22 
22 

(17)  Shumilina,  Z.  K. 
1949.  Podgotovka  posevu  semyan  drevesnykh 

i  kustarnikovykh  porod.  Vses.  Nauchno- 
issled.  Inst.  Agrolesomelior.,  Goslesbumiz- 
dat,  Moskva-Leningrad.  [Preparation  of 
tree  and  shrub  seed  for  sowing.  Transl.  TT 
67-51300,  36  p.,  1967.  CFSTI,  U.S.  Dep. 
Commerce,   Springfield,  Va.  22151.] 

(18)  Sokolov,  V.  S. 

1952.  [Accelerated  seed  stratification  of  Ta- 

tarian  honeysuckle  (Lonicera  tatarica). '\ 
Lesn.  Khoz.  5(8):   56-58.   (In  Russian.) 

(19)  Stickney,  P.  F. 
Observation  recorded  1969.  Intermountain 

Forest  and  Range  Exp.  Stn.,  Missoula, 
Mont. 

(20)  Swingle,  C.  F.  (compiler). 
1939.  Seed  propagation  of  trees,  shrubs,  and 

forbs  for  conservation  planting.  SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., 
D.C. 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

USDA  Forest  Service. 
Seed  test  data,   1928  to   1942.   North   Central 

Forest  Exp.  Stn.,  St.  Paul,  Minn. 

Unpublished  phenological  records.  Inter- 
mountain Forest  and  Range  Exp.  Stn., 

Moscow,  Idaho. 

1948.    Woody-plant   seed    manual.    U.S.    Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

Van  Dersal,  W.  R. 
1938.    Native    woody    plants    of    the    United 

States:    their    erosion-control    and    wildlife 
values.    U.S.   Dep.   Agric.   Misc.   Publ.   303, 362  p. 

Wyman,  D. 
1947.  Seed  collecting  dates  of  woody  plants. 

Arnoldia  7(9):  53-56. 
Zaytzev,  G.  N. 

1936.     [On    the    germination    of    honeysuckle 
{Lonicera    L.    spp.)     seeds    after    different 
durations  of  storage.]    Hot.   Zh.   38:    1698- 
1701.   (In  Russian.) 
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Leguminosae — Legume  family 

LUPINUS  L.  Lupine 

by  Raymond  D.  Ratliff  ' 

Growth  habit,  occurence,  and  use. — This  ge- 
nus includes  over  100  species,  five  of  w^hich 

are  shrubs.  Two  shrub  species  are  commonly 
planted  in  California.  One  of  the  major  species, 
Pauma  lupine  {Lupiiius  longifolius  (Wats.) 
Abrams)  occurs  in  southern  California.  It  can 
reach  a  maximum  height  of  about  5  feet  (^). 
As  far  as  can  be  determined,  Pauma  lupine  was 
first  cultivated  in  1928  and  has  since  proved  to 
be  valuable  as  an  ornamental  plant  and  for 
watershed  protection  and  erosion  control. 
Though  some  plants  may  live  for  10  years, 
Pauma  lupine  is  generally  short-lived  {2). 
Whiteface  lupine  {Lnpimis  alhifrons  Benth.)  is 
the  more  northerly  shrub  species  in  California, 
occurring  in  the  Coast  Range  and  Sierra  Ne- 

vada. It  often  reaches  a  maximum  height  of  6 
feet.  Since  it  was  first  cultivated  in  1927,  it 
has  been  planted  for  wildlife  purposes,  water- 

shed protection,  and  more  recently  for  environ- 
mental forestry.  Four  varieties  of  whiteface 

lupine  are  recognized :  var.  collinus,  var.  doug- 
lassii,  var.  fluminens,  and  var.  eviinens  {A). 
In  addition,  Lwpinus  excifbitiis  (Jones)  is  very 
much  like  whiteface  lupine  and  not  positively 
distinct  from  it.  Lvpinus  excuhitus  and  L. 
alhifrons  are  often  grouped  together. 

Flowering  and  fruiting. — Flowers  are  bisex- 
ual, irregular,  blue,  purple,  and  yellow  in  ra- 

cemes.   Pauma    lupine   will    bear    viable    seeds 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

L.  alhifrons 
whiteface  lupine 

L.  longifolius 
Pauma  lupine 

at  1  year  of  age  {2).  It  flowers  from  April  to 
May  (4),  and  the  seeds  ripen  from  May  to 
August  (7).  Whiteface  lupine  flowers  from 
March  to  June  {J^),  and  the  seeds  mature  from 
early  June  to  late  July. 

Collection,  extraction,  and  storage. — The  pods 
of  both  Pauma  and  whiteface  lupine  pop  open 
when  ripe  and  disperse  2  to  12  seeds  (figs.  1 
and  2).  Hence,  it  is  necessary  to  collect  the  pods 
while  the  seeds  are  somewhat  green  (7).  Imma- 

ture pods  can  be  gently  air-dried  until  the  pods 
open.  The  coarse  material  can  be  removed  by 
screening.  The  number  of  clean  Pauma  lupine 
seeds  per  pound  in  two  samples  was  18,000  to 
24,000  {3).  Information  on  the  number  of  seeds 
per  pound  is  lacking  for  whiteface  lupine;  how- 

ever, for  the  closely  related  species  L.  excuhitus 
the  number  of  clean  seeds  per  pound  was  re- 

ported to  be  27,000  (3).  In  one  sample,  purity 
was  91  percent  and  soundness  was  76  percent 

{7). When  adequately  dried,  mature  seeds  of 
lupine  can  be  stored  for  extended  periods.  Seeds 
stored  for  30  years  at  room  temperature  were 
found  to  be  viable,  and  variations  in  the  color 
of  these  seeds  had  no  effect  on  viability  {2). 

Germination. — Stored  seeds  of  the  lupines 
have  hard  seedcoats  that  require  pretreatment 
to    induce    prompt   germination.    Seeds    of   L. 

Figure  1. — Lupinus:  seeds,  4  x. 
Figure  2. — Lupinus  longifolius,   Pauma   lupine:    longi- 

tudinal section  through  a  seed,  10  X. 
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varhts  L.  (West  Australian  blue  lupine)  became 
impermeable  to  water  when  their  moisture  con- 

tent was  reduced  to  10  to  12  percent  (6).  Each 
of  the  three  treatments:  mechanical  scarifica- 

tion, a  hot-water-soak,  and  cold  stratification 
for  72  days  at  35'^  F.  have  induced  prompt 
germination  (1,  3,  5).  In  addition,  hard  seeds 

of  West  Australian  blue  lupine  became  perme- 
able to  water  when  exposed  to  simulated  surface 

soil  temperatures  fluctuating  between  60'  F. 
and  140^  F.  (6). 

Germinative  capacity  has  been  high  for  both 
untreated  fresh  seed  and  pretreated  stored  seed 
(table  1). 

Table  1. — Lupinus:  pregermwation  treatments  and  germination  test  results 

Species 

Pregermination  treatments 

Storage 

period 

Cold 
Test Germinative 

stratification duration capacity 

period 

Tests 

Data 

source 

L.  albifrons... 
L.  excubitus.-- 
L.  longif alius. 

Years 
2 
0 
0 

Da  lis 

72 0 
0 

Days 

6 

10  + Percent 
90 
92 

92 

Number 
1 
1 
1 

Literature  and  Other  Data 
Sources  Cited 

(1)  Emery,  D. 
1964.  Seed  propagation  of  native  California 

plants.  Leafl.  Santa  Barbara  Bot.  Card. 
1(10):   81-96. 

(2)  Everett,  P.  C. 
1957.  A  summary  of  the  culture  of  California 

plants  at  the  Rancho  Santa  Ana  Botanic 
Garden  1927-1950.  22.3  p.  Rancho  Santa  Ana 
Bot.  Gard.,  Claremont,  Calif. 

(3)  Mirov,  N.  T.,  and  Kraebel,  C.  J. 
1937.  Collecting  and  propagating  the  seeds  of 

California  wild  plants.  USDA  Forest  Serv., 
Calif.  Forest  and  Range  E.xp.  Stn.,  Res.  Note 
18,  27  p. 

(4)  Munz,  P.  A.,  and  Keck,  D.  D. 
1959.  A  California  flora.   1,681  p.  Univ.  Calif. 

Press,  Berkeley  and  Los  Angeles. 

(5)  Quick,  C.  R. 
Correspondence,  1969.  Clarksburg,  Calif. 

Quinlivan,  B.  J. 
1962.    Hard    seeds    in    lupines.    West.    Aust.    J. 

Agric.   3:    683-690. USDA  Forest  Service. 

1948.    Woody-plant    seed    manual.    U.S.    Dept. 
Agric.  Misc.  Publ.  654,  416  p. (6 

(7 
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Solanaceae — Nightshade  family 

L  YCIUM  L.  Wolfberry 

by  Paul  0.  Rudolf  ̂  

Growth  habit,  occurrence,  and  use. — The  wolf- 
berries  (also  called  matrimonyvines,  desert 
thorns,  box-thorns,  or  squawthorns)  include 
about  100  species  of  deciduous  or  evergreen, 
thorny  or  unarmed  shrubs  native  to  the  tem- 

perate and  subtropical  regions  of  both  hemis- 
pheres (11).  They  are  ornamental  shrubs 

valued  chiefly  for  their  showy  berries,  but  they 
also  provide  wildlife  habitat,  watershed  pro- 

tection, and  at  least  one  species  is  grown  for 
shelter  hedges.  Two  introduced  species,  L. 
chwense  and  L.  halimifolinm,  have  been  grown 
for  the  longest  time  and  most  extensively.  Geo- 

graphic races  probably  have  developed  within 
widely  distributed  wolfberry  species.  Some  bo- 

tanical varieties  may  be  geographical  races. 
Hitchcock  mentions  apparent  racial  develop- 

ment in  L.  andersoni  (J^).  Natural  hybrids  occur 
where  species  ranges  overlap,  as  is  the  case 
with  L.  andersoni  and  L.  torreyi,  and  L.  richii 
and  L.  torreyi  (4).  Information  on  five  species 
(table  1)  is  included  here. 

Flowering  and  fruiting. — The  perfect  purplish 
(whitish  in  some  species)  flowers  usually  bloom 
in  the  summer  (table  2)  and  are  followed  by 
bright  red  (rarely  yellow  or  black)  berries 
(table  3),  each  with  a  few  to  many  seeds  (figs. 
1  and  2).  Good  seed  crops  are  borne  almost 
every  year  by  L.  halimifolinm  (9)  and  probably 

'  North  Central  Forest  Exp.  Stn. 
Figure      1. — -Lycium 

cleaned  seed,  12  X. 
halimifolium,      matrimonyvine : 

Table  1. — Lycium:  nomenclature,  occurrence,  and  uses 

Uses  ■ 

Scientific  names                         Common  OcrnrrpncP 
and  synonyms                            names  

ijLLuiience 

L.  andersoni  Gray    Anderson  wolfberry,  New  Mexico  to  California,  north  to  Colorado, 
Anderson  desert  Nevada,  and  Utah,  and  in  Mexico    (Sinaloa 
thorn,  water  and  Sonora)   on  gravelly  washes,  and  sandy 
jacket,  squawberry.  or  alkali  flats  up  to  5,000  feet. 

L.  chinense  Mill    Chinese  wolfberry,  In  thickets  along  riverbanks  in  Japan,  Korea, 
L.  barbarum  Lour.                Chinese  matrimony-  Manchuria,  China,  Ryukyus,  Formosa, 

not  L.                                     vine. 

L,  exsertum  Gray     None  listed  (^)      Arizona    and    New    Mexico    and    northwestern 
L.  fremontii  var.  Mexico  up  to  4,000  feet. 

bigelovii  Gray. 

L.  halimifolium  Mill.    _  matrimonyvine,  China  to  southeastern  Europe   (commonly  cul- 
L.  barbarum  A.T.  not  L.        boxthorn,  European  tivated   in   much   of  the   United    States,   the 
L.  vulgare  Tivm.                       desert  thorn.  West  Indies,  and  parts  of  Mexico). 
L.  flaccidmn  K.  Koch. 

L.  richii  Gray.        Rich  wolfberry    Southern  California  and  Sonora,  Sinaloa,  Baja 
L.  palmeri  Gray.  California  in  Mexico. 
L.  pringlei  Gray. 

^  H :  habitat  or  food  for  wildlife,  W :  watershed,  S :  shelterbelt,  E :  environmental  forestry. 

H,W 

H,  E 

H,W 

H,  S,E 

H,  W,  E 
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by  other  wolfberry  species  also.  L.  exsertum 
produces  seed  abundantly  (15). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Ripe  berries  may  be  picked  from  the 
bushes  in  the  fall.  The  berries  are  soft  and  may 
be  pulped  by  forcing  them  through  a  screen 
and  separating  out  the  pulp  by  flotation  (i-4). 
For  extraction  on  a  larger  scale,  berries  may 
be  fermented,  mashed  in  water,  and  then  run 
through  a  hammer  mill  equipped  with  screens 
of  suitable  sizes  (3).  After  extraction  the  seeds 
should  be  dried  and  stored  in  sealed  containers 

at  41°  F.  (.9,  i^),  or  stratified  in  moist  sand  (3, 
9).  Stratified  seed  of  L.  halimifolivm  will  main- 

tain good  viability  for  6  months  (9).  Infor- 
mation on  soundness  and  number  of  seed  per 

pound  for  three  species  is  shown  in  table  4. 
Germination. — Dormancy  in  wolfberry  seeds 

is  variable.  Seed  samples  of  L.  andersoni  and  L. 

-3mm 

Figure  2. — Lycium   halimifolmm,  matrimonyvine :    lon- 
gitudinal section  through  a  seed,  18  X . 

Table  2. — Lycium:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates Fruit  ripening- 
dates 

Data 

source 

L.  andersoni         Western  United  States  ,            April  to  June 
Southwestern  United  States      Jan.  to  May 
California 
Arizona     .  _         

L.  chhiense    Northeastern  United  States  _ 
Japan    

L.  exsertum    Arizona     
L.  halimifolium    Northeastern  United  States, 

Holland. 
L.  richii            California  .          

Nov.  to  April 
Feb.  to  April 
June  to  Sept. . 
Aug.  to  Nov. 
Jan.  to  Feb.^  _ 
June  to  Sept. 

May  to  Sept.- 

Aug.  to  Sept. 
Aug.  to  Oct.- 

Aug.  to  Oct. 

June  to  Oct. 

15 
16 

7 
5 

11 

10 
5 
9,  11,  17 

1,8 

'  Most  abundant  then,  but  flowers  throughout  the  year  (5). 

Table  3. — Lycium:  height,  length  of  cidtivation,  flower  color,  and  fruit  characteristics 

Species 
Height 

at maturity 

Year  of 
first 

cultivation 

Flower 
color Ripe  fruit color 

Seeds  per 
fruit 

Data 
source 

L.  andersoni 

\L.  chinense   
L.  exsertum 
L.  halimifolium 

L.  richii   

Feet 
1  to  10 

3  to '7 3  to  12 
3  to  20 

4  to  13 

Red 
Number 

Very  many 

5,  16 
Before  1935    Light  purple,  lav- 

ender, or  white. 
Before  1709    Purple    Scarlet  to  orange-red       11 
Before  1935  Whitish  to  purple  Orange  or  red      20to30  -    2,12 
Long  cultivated      Dull,  lilac-purple  Scarlet  to  orange-red      3  to  20  ^  4,7,11 

sometimes  yellow. 
Before  1935  Lilac        -    .  Bright  red         .    30  to  50  1,4,12 

'  Up  to  13  feet  long  as  a  prostrate  rambler. 

Table  4. — Lycium:  cleaned  seeds  per  pound  and  sou) dness 

1               Species 
J,      ,                                              Cleaned  seeds  per  pound Data 

soundness                         Range                         Average Samples 
source 

L.  chinense 
Percent                         Number                       Number 

99                                                  -.                    171,000 
Number 

1 
3 
1 

13 

\L.  halunifolium ' 98                         252,000-266,000                    260,000 3,13 L.  richii     1,371,000 8 

'  Seed  purity  was 

1 

92  percent  in  one  sample  (14)- 
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exsertum  germinated  well  without  pretreat- 
ment.  They  had  germination  capacities  of  68 
and  94  percent  {13).  The  germination  of  L. 
halimifoUum  seeds,  however,  was  hastened  and 
improved  by  stratification  in  moist  sand  for  60 

to  120  days  at  41°  F.  After  cold  stratification, 
the  average  germinative  capacity  for  19  samples 
was  74  percent  {3,  9,  IJ/.).  These  tests  were 
run  in  sand  flats  for  30  to  40  days  at  diurnally 

alternating  temperatures  of  86°  to  68°  F.  Ger- 
minative energy  after  18  days  was  54  percent. 

Seed  of  L.  ricJiii  probably  would  benefit  from 
similar  pretreatment  because  germination  was 
only  11  percent  without  pretreatment  (8). 

Nursery  practice. — One  recommendation  is  to 
sow  the  seeds  in  the  fall  as  soon  as  the  fruits 
ripen  (6).  Another  is  to  sow  stratified  seed  in 
the  spring  and  cover  them  lightly  by  sifting 
on  about  14  inch  of  soil  (.9).  Tree  percent  has 
been  from  10  to  15  for  L.  chinense  and  L.  hal- 

imifoUum (13).  Two-year-old  seedlings  may 
be  outplanted. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Bailey,  L.  H. 
1939.  The  standard  cyclopedia  of  horticulture. 

3,639  p.  The  Macm'illan  Co.,  New  York. (2)  Benson,  Lyman,  and   Darrow,   R.   A. 
1954.  The  trees  and  shrubs  of  the  southwest- 

ern deserts.  437  p.  Univ.  Arizona  Press, 
Tucson,  and  Univ.  New  Mexico  Press,  Al- 
buquerque. 

(3)  Glazebrook,  Thomas  B. 
1941.  Overcoming  delayed  germination  in  the 

seed  of  plants  valuable  for  erosion  control 
and  wildlife  utilization.  Unpublished  Mas- 

ter's thesis.  School  of  Forestry,  Univ. 
Idaho.  97  p. 

(4)  Hitchcock,  Charles  Leo. 
1932.  A  iTionographic  study  of  the  genus  Ly- 
cium  of  the  Western  Hemisphere.  Ann. 
Missouri   Bot.   Card.   19:    179-364. 

(5)  Kearney,  Thomas  H.,  and  Peebles,  Robert  H. 
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U.S.  Dep.  Agric.  Misc.  Publ.  423,  1,069  p. 
(6)  Laurie,  Alexander,  and  Chad  wick,  L.  C. 

1934.  Commercial  flower  forcing:  The  funda- 
mentals and  their  practical  application  to 

the  culture  of  greenhouse  crops.  519  p.  P. 
Blakiston's  Son  and  Co.,  Philadelphia. 

^7)   McMinn,  Howard  E. 
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shrubs.  663  p.  Univ.  Calif.  Press,  Berkeley. 
(8)  Mirov,  N.  T.,  and  Kraebel,  C.  J. 

1939.  Collecting  and  handling  seeds  of  wild 
plants.  Civilian  Conserv.  Corps  Forest. Publ.  5,  42  p. 

(9)  Nederlandsche  Boschbouw  Vereeniging. 
1946.  Boomzaden:  Handleiding  inzake  het  oog- 

sten,  behandelen,  bewaren  en  uitzaaien  van 
boomzaden.  [Tree  Seed:  handbook  on  the 
collection,  extraction,  storage,  and  sowing 
of  tree  seed.]  171  p.  Wageningen.  (In Dutch.) 

(10)  Ohwi,  Jisaburo. 
1965.  Flora  of  Japan.  1,067  p.  Smithson.  Inst., 

Wash.,   D.C. 
(11)  Rehder,  A. 

1940.  Manual  of  cultivated  trees  and  shrubs 
hardy  in  North  America.  Ed.  2.,  996  p.  The 
Macmillan  Co.,  New  York. 

(12)  Standley,  Paul  C. 
1924.  Trees  and  shrubs  of  Mexico.  1,721  p. 

Contrib.  U.S.   Natl.  Herb.,  Smithson.   Inst. 
(13)  Swingle,  Charles  F.  (compiler). 

1939.  Seed  propagation  of  trees,  shrubs,  and 
forbs  for  conservation  planting.  SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., D.C. 

(14)  USDA  Forest  Service. 
Data  filed  1928  to  1942.  North  Cent.  Forest 

Exp.  Stn..  St.  Paul,  Minn. 
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1938.  Native  woody  plants  of  the  United 
States:  their  erosion-control  and  wildlife 
values.  U.S.  Dep.  Agric.  Misc.  Publ.  303, 362  p. 

(16)  Vines,  Robert  A. 
1960.  Trees,  shrubs,  and  woody  vines  of  the 
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1947.  Seed  collecting  dates  of  woody  plants. 
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Moraceae — Mulberry  family 

MACLURA  POM  I  PER  A  (Raf.)  Schneid. 

by  F.  T.  Bonner  '  and  E.  R.  Ferguson  ' 

Osage-orange 

Synonyms. — Toxylou  pomiferum  Raf.  ex 
I    Sarg. 

Other  common  names. — bois-d'arc,  bodark, 
bowwood,  hedge,  mockorange. 

Growth  habit,  occurrence,  and  uses. — Osage- 
orange  is  native  to  southern  Arkansas,  south- 

eastern Oklahoma,  and  eastern  Texas,  built  it 

'  Southern  Forest  Exp.  Stn. 

has  been  widely  planted  and  naturalized  from 
New  England  and  Michigan  south  to  Texas  and 
Georgia.  It  is  also  found  in  Washington  and 
Oregon  (3).  Osage-orange  is  a  small  deciduous 
tree  chiefly  valued  for  posts  and  windbreak 
plantings.  Fruits  have  some  value  as  wildlife 
food  ( i)-  Although  30  feet  is  a  normal  height  at 
maturity,  some  trees  may  grow  to  70  feet. 

Flowering  and  fruiting. — The  small,  green, 
dioecious  flowers  open  from  April  to  June.  The 
large,  globose,  aggregate  fruit  (fig.  1)  ripens  in 
September  to  October  and  soon  falls  to  the 
ground.  The  yellow-green  fruits,  which  are  4  to 
5  inches  in  diameter,  are  composed  of  1-seeded 
drupelets  (5,  6)  (fig.  2).  Good  seed  crops  occur 
annually.  Trees  bear  good  crops  by  age  10  (5). 

Collection,  extraction,  and  storage. — Fruits 
should  be  picked  up  soon  after  they  fall  from 
the  trees,  but  collections  can  be  made  throughout 
autumn  and  winter.  Seeds  may  be  extracted  by 
macerating  the  fruits  in  water  and  floating  off 
or  screening  out  the  pulp.  Cleaning  is  easy  if 
the  fruits  are  placed  in  moist  storage  and  al- 

lowed to  ferment  for  several  months  before  ex- 

traction (2).  One  good  way  to  "ripen"  the  fruits 
is  to  store  them  in  a  pile  outdoors  over  winter. 
By  early  spring,  they  will  be  soft  and  mushy, 
and  only  a  brief  maceration  will  be  required. 

jPiGURE    1. — Madura    po7nifera,   Osage-orange:    aggre- 
gate fruit  composed  of  1-seeded  druplets,  M;    X . 

Figure   2. — Madura    pomifera,    Osage-orange:    excised 
embryo  and  nutlet   (seed),  6   X. 
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Seeds  extracted  in  this  manner  have  a  pro- 
nounced purple  streak  and  pleasant  fragrance, 

and  they  germinate  promptly  (1).  Yield  data 
from  22  scattered  samples  (l)  are  as  follows: 

Fruits  per  bushel   number  _  80 
Seeds  per  bushel  of  fruit   do    24,500 
Seed  per  bushel  of  fruit   pounds- _.        2^/4 
Cleaned  seeds  per  pound: 

Average        number  _    14,000 
Low     do       7,000 
High      do    16,000 

Purity  of  96  percent  and  soundness  of  95  per- 
cent have  been  attained   (5).  Viability  can  be 

0  Icm 

maintained  for  at  least  3  years  by  storing 
cleaned  air-dry  seed  in  sealed  containers  at 41^  F.  (2). 

Pregermination   treatment  and   germination 
tests. — Osage-orange  seeds  exhibit  a  slight  dor- 

mancy that  may  be  overcome  by  stratification 
for  30  days  at  41°  F.,  or  by  soaking  in  water  for 
48  hours  (2).  Tests  have  been  made  in  flats  of 
sand  or  soil  with  pretreated  seeds  for  40  days 
at  68°  nights  and  86°  F.  days.  Average  germi- 
native  capacity  for  13  samples  under  these  con- 

ditions was  58  percent ;  germinative  energy  was 
20  to  79  percent  in  14  to  34  days  (i).  Germina- 

tion is  epigeal  (fig.  3). 

Nursery  practice. — Untreated  seeds  may  be 
sown  in  the  fall,  but  a  pregermination  treatment 
should  be  used  before  spring  sowing.  Seeds  ex- 

tracted from  fruits  which  have  been  fermented 
in  a  pile  over  winter  will  germinate  well  without 
additional  treatment  (1).  Seeds  may  be  drilled 
in  rows  8  to  12  inches  apart  (5)  or  sown  in 
bands  3  to  4  inches  wide  if  single-row  proced- 

ures are  used  (1).  Seeds  should  be  covered  with 
1/4  to  1/2  inch  of  firmed  soil.  Fall-sown  beds 
should  be  mulched,  but  not  spring-sown  beds 

(5). 
Literature  and  Other  Data 

Sources  Cited 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Figure  3. — Madura  pomifera,   Osage-orange:    seedling 
development  at  1  and  8  days  after  germination. 
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Magnoliaceae — Magnolia  family 

MAGNOLIA  L. Magnolia 
by  David  F.  Olson,  Jr..^  R.  L.  Barnes,'  and  Leroy  Jones 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Magnolia  is  composed  of  about  35  species  of 

deciduous  or  evergreen  trees  or  shrubs  which 
occur  in  North  and  Central  America,  eastern 
Asia,   and  the   Himalayas    (22).   Some   of  the 
species  produce  valuable  lumber,  and  the  bark 
and  fruit  of  some  are  used  occasionally  in  medi- 

cine. Many  magnolias  are  used  in  ornamental 
planting,  because  of  their  showy  flowers  and 
fruits,  and  attractive  foliage.  The  seeds  of  some 
species  are  eaten  by  birds.  There  are  nine  species 
of  Magnolia  native  to  the  United  States.  The 
seeds  of  only  four  species  have  been  used  ex- 

i  tensively  for  planting  (table  1).  M.  acuminata 
and  M.  grandiflora  are  large  trees,  60  to  90  feet 

',  high  {17,  19).  M.  fraseri  and  M.  virginiana  are !  small  trees,  20  to  40  feet  high  (19). 

\      Flowering  and  fruiting. — The  large,  solitary, 

'  perfect  flowers  are  borne  singly  at  the  ends  of 
the  branches  in  the  spring  and  summer  (2,  h,  15, 
18),  and  range  in  color  from  greenish  yellow  to 
white.  Pollination  is  carried  out  by  insects  {H, 
16).  The  red  or  rusty  brown,  conelike  fruits  are 
2  to  5  inches  long  and  1/2  to  II/2  inches  in  di- 

ameter (5  to  12.5  cm.  long  and  12  to  37  mm.  in 
diameter),  and  consist  of  several  coalescent  one- 

'  Southeastern  Forest  Exp.  Stn. 
-  State  and  Private  Forestry,  USDA  Forest  Service. 

to  two-seeded  fleshy  follicles  (fig.  1  and  color 
plate)  which  ripen  in  late  summer  to  early  fall 
{2,  U,  15,  18).  At  maturity  the  seeds  are  14  to  % 
inch  long  (6  to  18  mm.)  (fig.  2),  are  red  or 
scarlet,  and  are  drupelike.  The  removable  outer 
portion  of  the  outer  seedcoat  is  fleshy,  oily,  and 
soft,  and  the  inner  portion  is  stony.  The  inner 
seedcoat  is  thin  and  membranous,  and  encloses 
a  large,  fleshy  endosperm  in  which  is  embedded 
a  minute  embryo  (fig.  3).  The  seed  usually  is 
suspended  from  the  open  follicle  for  some  time 
by  a  slender,  elastic  thread.  Seed  dispersal  is 
by  wind  and  birds  (occasionally  by  water),  and 
occurs  soon  after  ripening.  Southern  magnolia 
(M.  gra)}diflnra)  is  a  prolific  seed  producer,  and 
one  of  the  most  fruitful  forest  trees.  Trees  often 
produce  seed  10  years  after  planting,  and  bear 
good  crops  annually  {3). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — The  fruits  may  be  picked  from  standing 
trees,  or  from  trees  recently  felled  in  logging,  as 
soon  as  they  turn  red  or  rusty  brown,  but  pick- 

ing may  be  delayed  until  the  follicles  have  begun 
to  open.  The  fruits  should  be  spread  out  to  dry 
in  shallow  layers  (one  fruit  deep).  After  a  fev,' 
days,  the  seeds  can  be  shaken  out  of  the  open 
fruits.  Seed  to  be  used  in  the  near  future  should 

have  the  fleshy  part  of  the  outer  seedcoat  re- 
moved by  maceration  in  water  or  by  rubbing  on 

Table  1. — Magnolia:  nomoiclature,  occurrence,  and  uses 

Scientific  names  Common 
and  synonyms  names 

M.  acuminata  L.  var.  cucumbertree, 
acinninata.  cucumber  magnolia. 

Tulipa strum  acujiii^iafum  (L.) 
Small. 

W.  fraseri  Walt            Fraser  magnolia, 
M.  anricuJata  Lam.  mountain  magnolia. 

tf.  graiuliflora  L      southern  magnolia, 
1    M.  foetida  (L.)  Sarg.  evergreen  magnolia. 

'M.  virginiana  L.                       sweetbay, 
M.  glanca  L.  sweetbay  magnolia. 
M.  australis  Ashe. 

'  T :  timber  production,  H :  habitat  or  food  for  wldlife, 

Occurrence 
Uses 

New  York  to  Illinois,  to  eastern  Okla-  T,  H,  W,  E 
homa  to  Georgia  (19). 

Mountains  of  Maryland,  West  Virginia,        T,  H,  W,  E 
and  Virginia,  south  to  northern  Geor- 

gia, Alabama,  and  South  Carolina  (8). 
Coastal  plain  from  southeastern  North  T,  H,  E 

Carolina  to  central  Florida,  and  to 
eastern  Texas  (8). 

Coastal  swamps  from  Massachusetts  to  T,  H,  E 
Florida,  west  to  eastern  Texas  (19). 

W:  watershed,  E:  environmental  forestry. 
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M.  grandiflora 
southern  magnolia 

M.  virginiana 
sweetbay 

M.  fraseri 
Fraser  magnolia 

Figure  1. — Magnolia  :  conelike  fruits  consisting  of  coalescent  follicles,  1  X . 

hardware  cloth.  Average  number  of  seeds  per 
pound  does  not  vary  widely  among  the  species  of 
Mag)iolia  (table  2).  Magnolia  seed  can  be  kept 
either  cleaned  or  in  the  dried  pulp  for  several 
years  with  little  loss  of  viability  if  stored  in 

Table  2. — Magnolia:   cleaned  seeds  per  pound 

Species Range     Average     Samples 
Data 

source 

Number    Number  Number 

M.  acwminafo     2,900-6,600     5,450  15         12,21,22 
M.  fraseri    2,480-5,650     4,550  12         21,23 
M.  grandiflora.  5,800-6,800     6,450  8         22, 23 
M.  virginiana.  .        7,530  5         23 

sealed  containers  at  32°  to  41°  F.  (i,  2;g).  Seed 
stored  at  higher  temperatures  should  not  be 
cleaned.  M.  grandiflora  seed  loses  its  viability  if 
stored  over  winter  at  room  temperature  {22). 

Pregermination  treatments. — Magnolia  seeds 
e.xhibit  embryo  dormancy  which  can  be  over- 

come by  3  to  6  months  of  low  temperature  stra- 
tification (32°  to  41°  F.)  {1,  5,  6,  7,  21).  Fall 

sowing  provides  natural  stratification  {22). 
Germination  tests. — Germination  is  epigeal, 

and  occurs  rapidly  following  proper  stratifica- 
tion {6)  and  placement  in  a  standard  germina- 
tion medium  (table  3) .  A  fairly  close  estimate  of 

viability  in  M.  acuminata  can  be  made  by  re- 
moving the  seedcoats,  lightly  scratching  the 

surface  of  the  endosperm,  and  then  placing  the 
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M.  acuminata 
cucumbertree 

M.  fraseri 
Fraser  magnolia 

M.  grandiflora  M.  virginiana 

southern  magnolia         sweetbay 

Figure  2. — -Magnolia:  seeds  showing  outer  fleshy  layer. 
1  X. 

•1 2  m  m 

^0 

Figure  3. — Magnolia  grandiflora,  southern  magnolia: 
seeds  after  removal  of  fleshy  layer,  3  X  ;  ̂ 4,  longi- 

tudinal section  through  the  embryo;  B,  surface  of 
stony  layer  of  seedcoat. 

Figure  4. — Magnolia  grandiflora,  southern  magnolia: 
seedling  development  at  1,  5,  13,  and  31  days  after 
germination. 

seeds  on  moist  cotton  or  blotting  paper  in  cov- 
ered dishes  at  germinating  temperatures  {1). 

Viable  seed  produce  green  pigment  in  the  vicin- 
ity of  the  scratches  in  2  to  3  days.  Seeds  of  Mag- 

nolia have  been  tested  successfully  by  the 
excised  embryo  method  {10). 

Nursery  practice. — Magnolia  seed  may  either 
be  fall  sown  or  stratified  several  months  and 
sown  in  late  winter  or  spring  (P,  11,  22).  In  fall 
sowing,  clean  seed  or  seed  in  the  pulp  should  be 
drilled  in  rows  8  to  12  inches  apart  and  covered 

Table  3. — Magnolia:  germinatioti  test  conditions  and  results  for  stratified  seed 

Germination  test conditions 
-     Germinative  capacity 

Average         Samples 
Species 

Medium Temperature 
Duration 

Data 
source 

Day 

Night 

°F. 

'F. 

Days 
Percent Number 

M.  acuminata __ -   Sand  :  perlite 
Kimpac 

.    79-86 59-68 35-60 

8-86 

4 1  20  22 

M.  fraseri   Sand  :  perlite   
Kimpac 

86 68 40-100 
8-21 

6 

23 

M.  grandiflora Sand  :  vermiculite 
Kimpac 

86 68 30-50 43-90 9 
7, 13,  23 

M.  virginiana -  Kimpac   86 68 47-61 32-50 4 23 
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with  about  14  inch  of  soil.  The  beds  should  be 
mulched  to  prevent  freezing  of  the  seed,  and  the 
mulch  should  not  be  removed  until  all  danger 
from  late  spring  frosts  is  past.  The  young  seed- 

lings (fig.  4)  need  half  shade  during  much  of  the 
first  summer.  Nursery  germination  of  M. 
grandiflora  is  60  to  70  percent  and  begins  in 
about  3  weeks  (22).  Spring  sowing  following 
stratification  appears  to  be  the  best  method  of 
planting  in  areas  where  the  rodent  problem  is 
serious.  Normally,  plantings  are  established 
with  1-0  seedlings. 
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Rosaceae — Rose  family 

MALUS  Mill.  Apple 

by  John  A.  Crossley  ' 

Growth  habit,  occurrence,  and  use. — The  ap- 
ples include  about  25  species  of  deciduous  trees 

or  shrubs  native  to  the  temperate  regions  of 
North  America,  Europe,  and  Asia.  In  this  genus 
are  some  of  our  most  important  fruit  bearers 
and  ornamentals,  as  well  as  some  that  are  valu- 

able for  wildlife  food  and  shelterbelts  (table  1). 
Many  cultivated  varieties  have  been  developed 
from  M.  pmnila  (apple)  and  M.  baccata  (crab 
apple),  but  these  varieties  are  usually  propa- 

gated vegetatively. 
Flowering  and  fruiting. — The  pink  to  white 

perfect  flowers  appear  in  the  spring  with  or 
before  the  leaves.  Flowering  time  varies  among 
species  from  March  to  June  (table  2).  The  fruit 
is  a  fleshy  pome  (fig.  1)  in  which  3  to  5  carpels, 

'  Northeastern  Forest  Exp.  Stn. 

usually  5,  are  embedded.  Each  carpel  contains 
2  seeds  or  one  by  abortion  (fig.  2)  (H).  Seeds 
have  a  thin  lining  of  endosperm  (fig.  3)  except 
in  M.  pumila  which  has  almost  no  endosperm 
(11).  Fruits  of  some  species  ripen  as  early  as 
Augu.st  (table  2)  and  fruits  drop  to  the  ground 
soon  after  ripening.  Good  fruit  and  seed  crops 
occur  about  every  2  to  4  years  (19).  Color  of 
ripe  fruit  varies  among  the  species  (table  2). 

Collection  of  fruits;  extraction  and  storage  of 
seed. — Ripe  apples  may  be  collected  either  by 
picking  the  fruit  from  the  tree  or  by  gathering 
fallen  fruit  from  the  ground  (19).  Large 
amounts  of  common  apple  seed  may  be  extracted 
from  cores  obtained  at  food  processing  plants 
(13).  Seeds  from  cider  mills,  however,  are  often 
damaged  (19)  and  may  have  a  very  low  germi- 
native  capacity.  An  accepted,  though  cumber- 

Table  1. — Mains:  notnenclature,  occurrence,  and  uses  ' ;  data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence Data  compilers 

for  species 

M.  baccata  (L.)  Borkh. 
Pyrus  baccata  L. 

M.  corouaria  (L.)  Mill. 
M.  fragrans  Relid. 
Pyrus  coroiwria  L. 

M,  diversifolia  (Bong)  Roem. 
M.fusca  (Raf.)  Schneid. 
M.rivularis  (Dougl.)  Roem. 
Pyrus  diversifolia  Bong. 

M,  floribuiida  Sieb   
I     Pyrus  floribunda  Kirchn. 

P.  pulcherrima  Aschers.  and 
Graebn. 

M.ioensls  (Wood)  Britton   
M.  coronaria  var.  ioensis 

(Wood)  Schneid. 
Pyrus  ioensis  (Wood)  Bailey. 

M.  pumila  Mill   
M.  communis  DC. 
M.  vialus  Britton 
Pyrus  malus  L. 

If.  Xrobusta  (Carr.)  Rehd. 
M.  baccata  x  M.  prunifolia. 

Siberian  crab  apple 

sweet  crab  apple, 
wild  sweet  crab  apple. 

Oregon  crab  apple. 
Pacific  crab  apple, 
western  crab  apple, 
wild  crab  apple. 

Japanese  flowering 
crab  apple. 

prairie  crab  apple 

Asia;  planted  extensively  in 
United  States. 

Maine  to  Minnesota  south  to 
Texas. 

John  A.  Crossley. 

Do. 

Pacific  Coast  region  from  southern      A.  S.  Harris. 
Alaska  to  northern  California. 

apple, 
wild  apple, 
common  apple. 

red  Siberian  crab 

apple. 

Japan;  planted  extensively  in 
eastern  United  States. 

Minnesota  and  Wisconsin  to 
Nebraska  and  Kansas,  and 
Mississippi. 

Europe  and  western  Asia; 
naturalized  in  eastern  North 
America,  Washington,  and  Idaho. 

Eastern  Asia;  planted  in  United 
States. 

Paul  0.  Rudolph. 

John  A.  Crossley. 

Do. 

Paul  0.  Rudolph. 

'  All   listed   species   provide   food   for   wildlife   and    have  been   planted   to   improve   the   environment.    M.   baccata 
las  been  planted  to  make  shelterbelts. 
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A 

M.  floribunda 

Japanese  flowering  crab  apple 

Figure  1. — Mains  floribunda,  Japanese  flowering  crab 
apple:  fruits  and  leaves,  1  X. 

some,  method  of  extraction  involves  first  a 
partial  fermentation  of  the  fruit  in  a  large  con- 

tainer. The  fermented  fruit  is  then  covered  with 
water  and  mashed.  The  seeds  may  be  seived  out 
or  left  to  settle  out  while  the  pulp  is  floated  over 
the  top  with  running  water  {13).  Care  should  be 
taken  to  avoid  high  temperatures  or  excessive 
fermentation  as  this  may  injure  or  kill  the  seeds 
(.5).  Seed  may  also  be  extracted  by  putting  the 
fruits  through  a  macerator  with  water,  floating 
off  the  pulp,  and  screening  out  the  seeds.  The 
numbers  of  seeds  per  pound  are  listed  in  table  3. 
Seeds  dried  to  a  moisture  content  less  than  11 
percent  have  been  stored  in  a  sealed  container 

at  36°  to  50°  F.  for  over  2  years  without  loss  of 
germinative  capacity  or  seedling  vigor  {15). 

M.  baccata 
Siberian  crab  apple 

M.  diversifolid  M.  floribunda 
Oregon  crab  apple  Japanese  flowering  crab  apple 

Figure  2. — Malus:  seeds.  8  x. 

rZ  5  m  m 

0 

Figure  3. — Malus  coronaria,  sweet  crab  apple:   longi- 
tudinal section  through  a  seed,  8  X. 

Table  2.— Mai us:  phenology of  floivering and  fruiting,  color 
trees 

of  rive  fruit,  and  height  of  mature 

Fruit Height             Year  of 

Species 
Flowering Color  of of                   first                   Data 

dates ripening 

dates ripe  fruit mature               culti-                sources 
trees                vation 

Feet 

M.  baccata. May       Aug.-Oct. red  or  yellow       . 30                 1784                 19 
M.  coronaria   Mar. -May 

Sept.-Nov. yellow-green      ^ 
30                 1724                 19,  20 

M.  diversifolia.    ... ..  late  fall -      green-yellow  to 
yellow  and  red. 6-30                 1836                 A, 16 

M.  floribunda   May           .      red 13-30                 1862                 9, 12 
M.  ioensis   May-June    Sept.-Oct. greenish  waxy 1885                 12,19 

M.  pumila   . May      Aug.-Oct. yellow  to  red 50                   (')                   19 
M.  xrobusta^.   .    Apr.-May   -       red  or  yellow   1815                 9,12 

'  Cultivated  since  ancient  times. 
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Table  3. — Mains:  cleaned  seeds  per  pound  and  other  yield  data 

Seeds  per Cleaned  seeds  per  pound Data 

Species 
of  fruit Range 

Average 
Samples source 

Pounds l^iimber Number Number 
M.  baccata               2.5 22,000-85,000 66,000 

5 
17,19 M.  coronaria          1 14,000 1 
17,19 M.  diversifolia             2.4 54,000 1 

4,18 

M.  floribtinda     .      59,000 

17 

M.  ioensis      30,000 1 19 
M.  piimila                ___           0.75 7,000-27,000 20,000 

5  + 

19 
M.  xrobusta     .       

17,000 

17 

Germination. — Apple  seeds  display  dormancy 
which  has  been  overcome  by  cold  stratification 

(table  4).  At  diurnally  alternating"  temperatures 
of  86°  (day)  and  Q>%°  F.  (night),  stratified 
apple  seeds  germinated  in  30  to  60  days  (table 
4).  Much  faster  germination  has  been  obtained 
with  other  treatments.  Excised  embryos  have 
germinated  in  10  days  (1).  After  soaking  in  a 
0.02  percent  solution  of  gibberellin  for  24  hours, 
one  lot  of  seed  was  germinated  in  7  days  {10). 
Gibberellin  treatments,  however,  need  further 
testing  before  general  use  can  be  recommended. 

Nursery  practice. — Apple  rootstocks  are  often 
grown  from  seed  in  nurseries  {13).  Untreated 
seeds  have  been  sown  in  late  fall  {2)  and  strati- 

fied seeds  have  been  sown  in  the  spring  (7).  In 
a  Washington  nursery,  seeds  are  stratified  by 
first  soaking  them  in  water  for  5  to  7  days,  then 
placing  sacks  of  seed  between  layers  of  ice  in  a 
sawdust  pit  for  6  to  8  weeks.  Seeds  are  subse- 

quently dried  only  enough  to  flow  freely  through 
a  mechanical  planter  (7).  Seeds  are  sown  in 
rows  8  inches  wide  and  42  inches  apart  (5), 
1/2  to  1  inch  deep  on  loose  friable  soil.  A  thin 
sawdust  mulch  aids  seedling  emergence  on  soils 
that  form  a  crust  after  watering.  Germination 
is  epigeal   (fig.  4).  Seedlings  may  be  sprayed 

weekly  with  a  fungicide  to  control  powdery 
mildew.  By  the  end  of  the  growing  season  most 
of  the  seedling  stems  should  be  pencil  thick  and 
about  15  inches  high  {13).  A  height  of  9  inches 
is  regarded  as  minimum  size  for  grafting  {3). 
Most  commercial  varieties  are  propagated  by 
budding  or  grafting  onto  seedling  rootstocks 
{13,  15,  19). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Association  of  Official  Seed  Analysts. 

1965.  Rules  for  testing-  seed.  Proc.  Assoc.  Off. 
Seed  Anal.  54(2):  1-112. 

(2)  Bakke,  A.  L.,  Riches,  N.  W.,  and  Reeves,  K. 
1926.  Germination  and  storage  of  apple  seeds. 

Iowa  Agric.  Exp.  Stn.  Res.  Bull.  97:  243- 255. 

(3)  Davis,  L.  L. 
1940.  Germination  and  growth  of  crab  apple 

seedlings  as  influenced  by  fungicidal  treat- 

ment. Proc.  Am.  Hortic.  "Soc.  37:   359-60. (4)  Harris,  A.  S. 
Observation  recorded  in  1969.  USDA  Forest 

Serv.,  Inst.  North.  For.,  Juneau,  Alaska. 
(5)  Heit.  C.  E. 

1967.  Propagation  from  seed.  Part  11:  Stor- 
age of  deciduous  tree  and  shrub  seeds.  Am. 

Nurseryman  126(10):   12-13,  86-94. 

Table  4. — Mains:  cold  stratification  period,  germination  test  conditions,  and  residts 

Species 

Cold 

strati- fication 

period  " 

Germination  test 
conditions 

Temperature 

Germinative 

energy 

Germinative 
capacity 

Day 

Night Dura- 
tion Amount      Period     Average    Samples 

Data 

source 

I  Days 
M.  baccata    30 
M.  coronaria    120 
M.  diversifolia      90 
M.  floribunda      60-120 
M.  ioensis  "      60 
M.  inimila      60 
M.  xrobusta      60-120 

"F. 

86 
50 

86 
86 

68 

50 
68 

68 

Days 

30 

30 

10 

60 

Percent 48 

93 

48 

Days 

8 
19 Percent 

54 
96 

58 
65 

Number 

2 
1 

1 

1  + 

19 
19 
18 
6 

19 8,19 
6 

'  In  a  moist  medium  at  temperatures  of  37°  to  41°  F. 
"  In  another  test,  fresh  seed  from  slightly  green  fruit   was    sown    in    a    nursery   bed    without   pretreatment    and 

germinated  100  percent  {19). 
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Figure  4. — Mains  coronaria,  sweet  crab  apple:  seedling 
development  at  1,  3,  9  and  16  days  after  germination. 

(6) 
1968.  Propagation  from  seed.  Part  15 :  Fall 

planting  of  shrub  seeds  for  successful  seed- 
ling production.  Am.  Nurseryman  128(4) : 

8-10,  70-80. 

(7) 

(8) 

(9) 

(10) 

(11) 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

comparative   internal   morphology 
Am.  Midi.  Nat.  36:   513-660. 

Holmason,  Martin. 
Communication,  November  1971.  Pacific  Coast 

Nursery,  Inc.,  Portland,  Oregon. 
Kallio,  T.  K. 

1962.    Seed   stratification   with   special   refer- 
ence to  apples.  Puntarha  65:  62-63.  Hortic. 

Abstr.  32(4277),  1962. 
Krussman,  Gerd. 
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495  and  608  p.  (In  German.) 
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1946.    The 
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Meliaceae— Mahogany  family 

MELIA  AZEDARACH  L. Ghinaberry 

hv  F.  T.  Bonner  '  and  Charles  X.  Grano  ̂  

Other  common  names. — china-tree,  bead  tree, 
Indian  lilac,  pride-of-India,  umbrella  chinaberry, 
umbrella-tree. 

Growth  habit,  occurrence,  and  use. — China- 
berry  is  a  short-lived  deciduous  tree,  native  to 
southern  Asia  and  Australia,  which  reaches  a 
maximum  height  of  50  feet.  It  has  been  culti- 

vated since  the  sixteenth  century,  chiefly  for 
ornamental  purposes  and  has  become  natural- 

ized in  most  tropical  and  subtropical  countries, 
including  the  southern  United  States.  In  India 
the  wood  is  used  for  furniture,  agricultural  im- 

plements, and  the  manufacture  of  writing  and 
printing  paper  (3).  Extracts  of  the  leaves  and 
fruits  have  insecticidal  properties  {!),  and  the 
fruits  are  valuable  livestock  and  game  food. 
Primary  values  for  chinaberry  in  this  country 
jare  for  shade  trees,  timber,  and  wildlife  food. 

Flowering  and  fruiting. — The  flowering  habit 
lis  either  pei'fect  or  polygamo-dioecious  (4).  The 
pretty,  lilac-colored  perfect  flowers  are  borne 
]in  axillary  panicles  4  to  6  inches  long  in  March 
:o  May.  The  fruit  is  a  subglobose,  fleshy,  round. 

drupe  which  ripens  in  September  and  October 
and  persists  on  the  ti-ee  well  into  winter.  It  turns 
yellow  and  wrinkled  as  it  ripens  (fig.  1).  Inside 
of  the  fleshy  mesocarp  is  a  single,  fluted,  light 
brown  stone  which  contains  4  to  5  pointed, 
smooth,  black  seeds  (figs.  2  and  3).  Abundant 
seed  crops  are  borne  almost  annually. 

'  Southern  Forest  Exp.  Stn. 

Figure  2. — Melia  azedarach,  chinaberry:  A,  stone,  and 
B,  seed;  5  X. 

r6. 

IGURE    1. — Melia    azedarach,    chinaberry:     fruit    and 
stone,  1  X . 

■0 

Figure   3. — Melia   azedarach,   chinaberry:    longitudinal 
section  through  a  seed,  8  X. 
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Collection,  extraction,  and  storage  of  seeds. — 
Fruits  can  be  collected  by  hand  after  the  leaves 
have  fallen  in  late  autumn  or  early  winter.  They 
may  be  either  run  wet  through  a  macerator  and 
the  pulp  floated  off  or  screened  out,  or  the  entire 
fruits  may  be  planted  immediately.  There  are 
about  640  fruits  per  pound  (7  samples).  Under 
ordinary  dry  conditions  fruits  may  be  stored 
for  at  least  a  year  without  loss  of  viability  (5). 

Germination  tests. — Pregermination  treat- 
ments are  not  necessary  (2,  5).  In  nature  the 

epigeous  germination  usually  occurs  during  the 
spring  following  dispersal.  One  fruit  may  pro- 

duce up  to  4  seedlings.  Suggested  germination 
test  conditions  are  70°  F.  (night)  to  85°  F. 
(day)  for  60  days  with  200  seeds  per  test  in 
sand  flats  {5).  Fresh  stones  from  southeastern 
Arkansas  had  a  germinative  capacity  of  81  per- 

cent at  90  days  in  sand  flats  in  a  greenhouse; 
germinative  energy  was  54  percent  at  30  days 
{2). 
Nursery  practice. — Stones  are  usually  sown 

intact  immediately  after  collection  in  the  fall  or 
in  the  following  spring.  They  should  be  sown 
2  to  3  inches  apart  in  drills  and  covered  with 
about  1  inch  of  soil.  Germination  takes  place 

about  3  weeks  after  a  spring  sowing.  As  plant- 
ing stock,  one-year-old  seedlings  are  preferred. 

Older  stock  should  be  top-and-root  pruned. 
Chinaberry  may  also  be  propagated  from  cut- 

tings and  root  suckers  and  by  direct  seeding  (5). 

Literature  Cited 

(1)  Atwal,  A.  S.,  and  Pajni,  H.  R. 
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38(3):  367-378. (5)  USDA  Forest  Service. 
1948.  Woody-plant  seed  manual.  U.S.  Dep. 

Agric.  Misc.  Publ.  654,  416  p. 
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MenJspermaceae — Moonseed  family 

MENISPERMUM  CANADENSE  L.  Common  moonseed 

by  K.  A.  Brinkman  '  and  H.  M.  Phipps  ̂  

Growth  habit,  occurrence,  and  use. — Common 
moonseed  is  a  climbing  woody  vine  growing  to  a 
height  of  12  feet  (5)  ;  it  is  capable  of  spreading 
from  underground  stems  {8).  It  is  native  from 
Quebec  and  western  New  England  to  southeast- 

ern Manitoba,  south  to  Georgia,  Alabama,  and 
Oklahoma  (2).  The  plants  are  seldom  eaten  by 
livestock  (7),  but  the  fruits  are  of  value  to  wild- 

life, although  reportedly  poisonous  to  man  (4). 
This  species  has  been  cultivated  since  1646  for 
its  attractive  foliage  and  fruit  (.5). 

Flowering  and  fruiting. — The  dioecious  flow- 
ers appear  from  May  to  July  and  the  bluish- 

North  Central  Forest  Exp.  Stn. 

/  X 

^  -^ 
4  X 

Figure    1. — Menispermum    canadense,    common    moon- 
seed: fruit,  1  X,  and  seeds,  4  X. 

black  drupes  ripen  from  September  to  Novem- 
ber (5,  3).  The  seeds  are  flattened  stones  in  the 

form  of  a  crescent  or  ring  (figs.  1  and  2) . 
Collection  of  fruits  and  seed  extraction. — 

Fruits  may  be  collected  from  September  to 
November  (5).  Seeds  may  be  extracted  by  wash- 

ing the  macerated  fruits  in  water.  One  sample 
showed  7,600  seeds  per  pound  (6). 

Germination. — Stratification  of  one  seed  lot  at 

41°  F.  for  60  days  resulted  in  65  percent  germi- 
nation in  11  days  and  98  percent  in  26  days. 

Unstratified  seed  showed  germinative  energy  of 
83  percent  in  28  days  and  92  percent  in  60  days 
(6).  Germination  was  tested  in  sand  under  light 

at  alternating  temperatures  of  86°  (day)  and 68°  (night). 

Nursery  practice. — Common  moonseed  is 
propagated  readily  by  seeds  stratified  and  sown 
in  the  spring  or  planted  as  soon  as  ripe  (1). 
Vegetative  propagation  also  is  possible  from 
cuttings. 

r/mm 

Figure    2. — Menispermum    canadense,    common    moon- 
seed: longitudinal  section  through  a  seed,  8  X. 
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Oleaceae — Olive  family 

MENODORA  SCABRA  A.  Gray 
by  Stanley  L.  Krugman 

Rough  menodora 

Rough  menodora  is  a  low  herbaceous  to  woody 
shrub  V2  to  21/2  feet  in  height.  It  is  native  to  dry 
rocky  areas  and  desert  grasslands  from  1,500 
to  7,000  feet  in  southern  California,  western 
Texas  and  New  Mexico,  and  Utah  and  Colorado 

^  Timber  Management  Research,  USDA  Forest  Service. 

r7 mm. 

seedcoat 

endosperm 

cotyledons 

hypocotyl 

radicle 

^0 

Figure  1. — Menodora  scabra,  rough  menodora:  longitu- 
dinal section  through  a  seed,  10  X. 

(1,  3).  It  provides  useful  browse  for  livestock 
and  game  animals  (2). 

Its  often  showy,  yellow  flowers  appear  from 
May  through  August  (2,  3).  The  fruit,  a  bi- 
spherical  thin-walled  capsule  with  2  seeds  in 
each  cell,  ripens  in  September,  October,  and 
November.  Seeds  are  dispersed  during  October 
and  November  (i,  2,  3).  Seed  collections  should 
be  made  from  September  to  November  (2).  The 
mature  seeds  are  approximately  %<>  inch  (4  to 

5  mm.)  in  length  and  "04  inch  (3  mm.)  wide, flat  greenish  to  brownish  with  a  yellowish 
narrow  wing  (1,  3)   (fig.  1). 

Good  seed  crops  usually  occur  each  year  (2). 
The  numbers  of  cleaned  seeds  per  pound  in  2 
samples  were  102,000  and  112,000.  In  one 
sample  purity  was  41  percent  and  soundness  98 
percent  (2).  Storage  in  a  dry  place  at  room  tem- 

perature has  been  satisfactory.  Seeds  apparently 
need  no  treatment  prior  to  germination.  Germi- 

nation percentages  of  70  and  99  were  obtained  in 
2  tests  of  unti-eated  seed  (2). 

Literature  Cited 
(1)  Munz,  P.  A.,  and  Keck,  D.  D. 

1968.  A  California  flora.  1,681  p.  Univ.  Calif. 
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1948.  Woody-plant  seed  manual.  U.S.  Dep. 
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(3)  Vines,  R.  A. 

1960.  Trees,  shrubs,  and  woody  vines  of  the 
Southwest.  1,104  p.  Univ.  Texas  Press, 
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Taxodiaceae — Deciduous  cypress  family 

METASEQUOIA  GLYPTOSTROBOIDES  Hu  and  Cheng 
Dawn  redwood 

by  LeRoy  C.  Johnson  ^ 

Growth  habit,  occurrence,  and  use. — Meta- 
seqvoia  glyptostroboides  Hu  and  Cheng  (5)  is 

often  called  a  "living  fossil"  because  until  1946 
the  genus  was  known  only  in  fossil  records 
a,  10).  The  present  natural  range  of  the  only 
known  living  species  of  the  genus  Metasequoia 
is  quite  restricted.  A  few  trees  are  found  near 
the  village  of  Mo-tao-chi  in  eastern  Szechuan 
Province  and  the  bulk  of  the  native  groves  are 
found  in  Shui-hsa-pa  Valley  (south  of  Mo-tao- 
chi)  in  the  northwest  corner  of  Hupeh  Province, 
China  (2). 

Since  its  introduction  into  the  United  States 
in  1948,  M.  glyptostroboides  has  mostly  been 
planted  as  an  ornamental.  As  a  timber  tree,  it 
holds  little  future  because  the  wood  is  weak, 
brittle,  and  soft.  The  pulping  characteristics  are 
similar  to  and  its  fibers  are  stronger  than  south- 

ern pines  (15).  The  20-year  growth  of  some  of 
these  introduced  trees  has  been  summarized  by 
Wyman  (1J^) ;  the  tallest  tree  was  60  feet  (15). 
Metasequoia  glyptostroboides  is  hardy  in  Mas- 

sachusetts, where  the  winter  temperature  drops 
to  —30°  F.,  and  thrives  in  Placerville,  Cali- 

fornia, where  summer  temperatures  often 

exceed  95"  F.  and  there  is  usually  no  summer rainfall. 

Geographic  races. — No  geographic  races  are 
known  to  exist  but  several  cultivars  have  been 
described  (1,  3).  Great  phenotypic  diversity 
exists  between  planted  trees ;  this  diversity  may 
reflect  various  races.  Of  the  six  trees  growing 
at  the  Institute  of  Forest  Genetics.  Placerville, 
California,  one  half  are  of  the  normal  single- 
stemmed  conifer  shape  and  the  remaining  three 
are  bush-shaped  with  no  single  branch  showing 
dominance.  The  observation  leads  to  speculation 
that  part  of  the  seeds  shipped  out  of  China  were 
collected  from  isolated  trees  where  a  high  pro- 

portion of  the  seed  would  be  self-pollinated. 

'  Pacific  Southwest  Forest  and  Range  Exp.  Stn. 
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Flowering  and  fruiting. — Metasequoia  is  mo- 
noecious. Planted  specimens  have  produced  male 

and  female  cones,  but  as  of  1968  few  have  pro- 
duced viable  seeds  (15).  The  male  cones  are 

formed  in  the  leaf  axis  or  terminal  on  branches. 
The  small  male  cone  buds  are  visible  just  prior 
to  leaf  drop  in  the  fall.  At  this  time  they  are 
about  0.1  inch  long.  After  the  leaves  abscise  and 
fall  off,  the  male  cones  appear  to  be  on  special- 

ized racemose  or  paniculate  branchlets  but  in 
reality  they  are  terminal  on  short  branches  or 
in  the  axis  between  a  leaf  scar  and  the  branch. 
The  female  cones  are  oorne  singularly,  and 
usually  opposite  along  branches  (rarely  ter- 

minal). The  male  and  female  buds  begin  enlarg- 
ing in  late  January  and  are  readily  seen  by 

early  or  mid-February.  Herbarium  specimens 
collected  from  native  trees  show  that  pollen  is 
shed  and  the  female  cones  are  receptive  in 
March  before  the  breaking  of  foliage  dormancy 
(6,  7).  This  early  emergence  of  the  cones  makes 
them  susceptible  to  late  winter  frosts  which  can 
completely  destroy  the  potential  cone  crop. 

Both  male  and  female  cones  flu.sh  before  the 
vegetative  buds.  Planted  trees  almost  always 
begin  producing  female  cones  several  years 
before  male  cones  (9,  15).  Female  cones  have 
16  to  26  distichously  arranged  scales,  with  5  to 
8  seeds  per  scale.  Mature  cones  are  pendulous 
with  a  0.4-  to  1.2-inch  peduncle,  subquadrangu- 
lar,  shortly  cylindrical,  and  ripen  the  same  year 
they  are  pollinated.  Male  cone  buds  are  0.16  to 
0.24  inch  long  when  closed  and  0.24  to  0.39  inch 
long  when  expanded  and  shedding  pollen.  Each 
staminate  strobilus  has  20  to  30  distichously 
arranged  microsporophylls  with  3  microspo- 
rangia  per  sporophyll.  Pollen  grains  are  wing- 

less and  covered  with  a  sticky  substance  which 
causes  them  to  clump  together  in  masses  (8). 

Cones  ripen  in  early  December  and  shed  their 
seeds  in  late  December  and  early  January. 
Mature  cones  are  light  brown,  but  color  is  not 
a  good  indication  of  ripeness. 
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Collection,     extraction,     and     storage. — The 
cones  should  be  collected  late  in  the  year  just 
before  natural  seed-shedding.  Cones  picked 
when  they  first  turn  from  green  to  light  brown 
do  not  open  and  must  have  their  scales  pried 
apart.  But  cones  picked  when  the  scales  natu- 

rally begin  to  separate,  will  readily  open  in  1  to 
2  weeks  at  room  temperature.  Tumbling  is 
necessary  because  some  of  the  seeds  are  firmly 
welded  to  the  scales.  Seed  wings  are  minute; 
thus  dewinging  is  unnecessary.  The  seedcoats 
of  M.  glyptostroboides  are  thin  and  fragile. 
Seeds  with  wings  attached  are  light  brown,  0.18 

to  0.23  inch  (5^to  6  mm.)  long,  0.1  to  0.2  inch (4  to  6  mm.)  wide,  obovate  (rarely  orbicular- 
oblong)  and  notched  at  the  apex  (fig.  1).  The 
wings  are  adnate  and  appear  as  tegumentary 
extensions  of  the  seed  (13).  Presumably  seeds 
can  be  stored  in  the  same  manner  as  those  of 
other  genera  in  the  Taxodiaceae  such  as 
Sequoia  and  Thuja.  Storage  of  dry  seed  in  air- 

tight containers  at  34''  to  40°  F.  has  been  satis- 
factory for  these  genera. 

Mechanically  separating  sound  from  hollow 
seed  is  not  recommended.  Sound  seeds  can  be 

separated  by  X-ray  methods,  but  a  simpler  and 
more  efl^icient  method  is  to  use  a  light  table. 
Seeds  are  scattered  one  layer  thick  on  a  light 
table.  With  the  back  light  on  and  the  room  lights 
off,  the  sound  seeds  can  be  separated  with 
tweezers.  This  method  is  feasible  only  on  a  small 
scale.  If  large  quantities  of  seed  become  avail- 

able, store  and  sow  all  the  seeds,  but  allowances 
must  be  made  in  the  sowing  rate  for  seedbed 
density. 

Germination  and  nursery  practice. — Seed  of 
Metasequoia  glyptostroboides  does  not  require 
stratification  (S,  12).  Germination  is  epigeal. 
After  germination,  the  seedcoat  sheds  in  3  to  5 
days  exposing  the  2  cotyledons. 

Figure    1. — Metasequoia    glyptostroboides,    dawn    red- 
wood: hollow  seed,  8  X. 

Seeds  sown  directly  on  soil  and  mulched  with 
fine  sand  or  sponge  rok  begin  germinating 
within  5  days  (8).  During  the  first  5  weeks  of 
growth  the  tender  succulent  seedlings  are  par- 

ticularly susceptible  to  damping-off  fungi. 
Losses  can  be  minimized  by  sowing  on  heat- 
sterilized  or  fumigated  soil.  Young  seedlings 
thrive  in  high  humidity  like  that  found  in  a 
greenhouse  equipped  with  automatic  overhead 
sprinklers.  In  hot  climates  the  young  seedlings 
should  be  shaded  during  the  first  growing 
season. 

Owing  to  the  extreme  scarcity  of  seeds  in  the 
United  States  and  Europe,  M.  glyptostroboides 
has  been  propagated  by  cuttings.  This  conifer 
ranks  among  the  easiest  to  root  (5,  11). 

As  planted  trees  become  sexually  mature  and 
begin  producing  viable  seeds,  there  will  be  less 
emphasis  on  propagating  by  cuttings.  Experi- 

ence to  date  at  the  In.stitute  of  Forest  Genetics, 
Placerville,  California,  indicates  that  healthier 
and  larger  plantable  stock  can  be  grown  faster 
from  seeds  than  from  rooted  cuttings.  Cultivars 
will  require  vegetative  propagation.  Many  M. 
glyptostroboides  now  growing  in  botanical 
gardens  and  as  ornamentals  are  isolated  trees. 

Seeds  collected  from  these  trees  will  unquestion- 
ably produce  a  high  percentage — if  not  100  per- 

cent—  of  inbred  seedlings.  Nothing  is  known 
of  the  effect  of  inbreeding  this  species. 
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Rubiaceae — Madder  family 

MITCHELLA  REPENS  L.  Partridgeberry 

by  K.  A.  Brinkman  ^  and  G.  G.  Erdmann  ' 

Growth  habit,  occurrence,  and  use. — Par- 
tridgeberry, also  called  two-eyed  berry  or  run- 

ning-fox, is  an  evergreen  vine  or  herb  with  fruit 
valuable  as  food  for  birds,  raccoon,  and  red  fox 
(7).  The  natural  range  is  from  Texas  to  Florida, 
north  to  southwest  Newfoundland,  and  west  to 
Ontario  and  Minnesota  (2).  This  attractive 
plant  was  introduced  into  cultivation  in  1761 
and  is  often  used  in  rock  gardens  (4). 

Flowering  and  fruiting. — The  dimoi^phous 
flowers  appear  from  June  to  August  (4).  Fruits 

'  North  Central  Forest  Exp.  Stn. 

Figure  1. — Mitchclla  rcpens,  partridgeberry:  seed,  7  X. 

rSiTim. 

-0 

Figure   2. — MitchcUa   repens,   partridgeberry:    longitu- 
dinal section  through  a  seed,  20  X. 

are  scarlet  drupaceous  berries  (color  plate)  that 
ripen  in  July  but  usually  persist  over  winter 

(5). Collection  of  fruits;  extraction  and  storage  of 
seeds. — Partridgeberries  may  be  picked  in  late 
fall.  Fruits  should  be  macerated  in  water  and 
screened  to  remove  the  seeds  (figs.  1  and  2). 
One  hundred  pounds  of  fruit  yield  about  12 
pounds  of  cleaned  seeds  (5).  Two  samples 
averaged  194,000  seeds  per  pound ;  98  percent 
of  the  seeds  were  sound  after  cleaning  (5,  6). 
Seeds  can  be  stored  in  sealed  containers  at  low 
temperature. 

Germination  tests. — Partridgeberry  seeds 
have  internal  dormancy  but  this  can  be  over- 

come by  stratification  at  41°  F.  for  150  to  180 
daj^s  (1).  No  data  are  available  on  results  of 
germination  tests. 

Nursery  practice. — Seeds  of  many  other  spe- 
cies exhibiting  embryo  dormancy  germinate 

satisfactorily  when  sown  in  the  fall,  so  par- 
tridgeberry probably  can  be  handled  in  the 

same  way.  Mulching  over  winter  will  reduce 
drastic  temperature  changes  and  maintain  ad- 

equate moisture. 
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Moraceae — Mulberry  family 

MORUS  L.  Mulberry 

by  Ralph  A.  Read  ̂   and  R.  L.  Barnes  - 

Growth  habit,  occurrence,  and  use. — The  mul- 
berries consist  of  about  12  species  of  deciduous 

trees  and  shrubs  native  to  temperate  and  sub- 
tropical regions  of  Asia,  Europe,  and  North 

America  {9).  Seeds  of  one  native  species  and 
two  forms  of  a  naturalized  species  are  described 
here  (table  1).  Russian  mulberry,  M.  alba  f. 
tatarica,  was  introduced  in  the  United  States 
by  Russian  Mennonites  in  1875,  and  is  probably 
the  most  widely  planted  mulberry.  The  Prairie 
States  Forestry  Project  planted  an  average  of 
over  1  million  per  year  during  1937-42  for 
windbreaks  in  the  Great  Plains  of  the  United 
States  from  Nebraska  to  northern  Texas  {lA). 
All  mulberries  are  valuable  as  food  for  birds 
and  animals,  and  the  wood  of  some  is  used  for 
specialty  products.  The  seven  or  more  forms 
and  varieties  of  M.  alba  differ  in  their  relative 
drought  resistance  and  in  chromosome  number 
and  may  be  climatic  races.  The  high  drought 

'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 
-  Southeastern  Forest  Exp.  Stn. 

resistance  of  Russian  mulberry  makes  it  well 
suited  for  shelterbelt  planting  {15). 

Flowering  and  fruiting. — Flowers  are  nor- 
mally dioecious,  but  can  also  be  monoecious  on 

different  branches  of  the  same  plant.  Both  ap- 
pear in  stalked  axillary  pendulous  catkins  in 

April  and  May  {9).  The  multiple  fruit  is  com- 
posed of  many  small,  closely  appressed  drupes. 

Fruits  ripen  and  drop  from  the  trees  during 
the  months  of  June  to  August  (table  2),  though 
they  are  often  dispersed  by  birds  and  animals. 
The  varieties  differ  in  size  and  color  of  ripe 
fruit  (fig.  1  and  table  3).  They  vary  in  taste 
from  insipid  to  sweet.  Each  fruit  contains  a 
dozen  or  more  small  nutlets  (figs.  2  and  3), 
which  have  thin,  membranous  coats  and  endo- 

sperms. Seed  bearing  begins  at  about  5  years 
of  age  on  M.  alba,  10  years  on  M.  rubra,  and 
between  5  to  10  years  on  M.  alba  f.  tatarica. 
Large  crops  of  fruit  appear  nearly  every  year 
on  Russian  mulberry  in  the  Great  Plains  (5) 
(table  3). 

Table  1. — Morns:  nomenclature,  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Uses' 

M.  alba  L.   ._   __._       white  mulberry,  China.  Naturalized  in  Europe  and  North  T,  H 
silkworm  mulberry.  America. 

M.  alba  f.  tatarica  Seringe    Rus.sian  mulberry      China.  Naturalized  in  Great  Plains,  U.S.A.  H,  S,  E 
M.  rubra  L       .  red  mulberry    Massachusetts  to  southeastern  Minnesota  T,  H,  E 

to  central  Texas  to  Florida,  and  north. 

'  T :  timber  production,  H :  habitat  or  food  for  wildlife,  S :  shelterbelt,  E :  environmental  forestry. 

Table  2. — Moms:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 

dates 

Data 
source 

M.  alba     „ 
M.  alba  f .  tatarica- 

M.  rubra   

eastern  United  States.__    May        July-August- - 
Nebraska              May      .—  June-August._ . 
Oklahoma    April      late  May-June. 
eastern  United  States        April-May      .  June-Augusts. 

9,15 9,8 3 

7,  9, 15 
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Fjgure  1. — Morus:  fruits  and  leaves,  1  X. 

Collection  of  fruits. — Ripe  mulberry  fruits 
may  be  collected  by  stripping,  shaking,  or  flail- 

ing them  from  the  trees  onto  a  ground  cloth. 
Fruits  should  be  collected  as  soon  as  most  are 
ripe  to  avoid  loss  to  birds  and  animals.  One 
hundred  pounds  of  fresh  fruit  of  either  species 
yields  from  2  to  3  pounds  of  clean  seeds  {15). 

Extraction  and  storage  of  seed. — Fresh  fruits 
are  usually  mashed  immediately  after  collec- 

tion, soaked  in  water,  and  run  through  a 
macerator,  where  pulp  and  empty  seeds  are 
skimmed  or  floated  off.  A  1  percent  lye  solution 

M.  rubra 
red  mulberry 

M.  alba  f.  Tatar ica 
Russian  mulberry 

Figure  2. — Morus:  nutlets  (seeds),  10  x. 

545 
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Table  3. — Morus:  height,  seed-hearing  age,  seed  crop  frequency,  and  fridt  ripeness  criteria 

Species 
Height 

at 
maturity 

Year  of 
first 

culti- vation 

Minimum 

seed- 

bearing 

age 

Interval 
between large 

seed crops 

Fruit  ripeness  criteria 
Preripe 

color 
Ripe 
color 

Fruit 

length 

Data 
source 

Feet 

M.  alba             45 

M.  alba  f.  tatarica  10-25 

M.  rubra. 
40 

Colonial 
time. 

1875 

1629 

Years 

5 

5-10 

10 

Years  Inches 

white    white,  0.5  to  1.0       15,  9 

pinkish,  or 

purplish. 1  white    dark  red  0.4  to  0.6       15,  8 
to  deep 

purple, 
sometimes white. 

2-3     dark  red  0.8  to  1.3       7,10,11,15 dark  purple 
to  black. 

-2.5  mm 

^0 

Figure  3. — Morus  alba,  white  mulberry:    longitudinal 
section  through  a  nutlet,  20  X. 

aids  the  extraction  and  cleaning  processes. 
Fermentation  at  moderate  indoor  temperature 
for  1  to  2  days  before  maceration  facilitates 
extraction  and  improves  viability  of  M.  alba  f. 
tatarica  {13).  A  more  efficient  method  is  to 
spread  the  fruits  on  a  clean  floor  and  allows 
them  to  soften  at  room  temperature  for  4  to 
5  days.  Then  run  them  with  water  through  a 
Dibvig  seed  cleaner  adjusted  so  that  only  the 
pulp  goes  through  (plate  spaced  about  Vic,  inch) 
and  seeds  come  out  clean  (5).  Small  samples 
may  be  cleaned  by  rubbing  gently  through  a  no. 
6  screen  and  floating  ofl"  the  pulp  {15).  Spread 
cleaned  seeds  to  air  dry  in  shade,  then  clean  by 
fanning  before  storage  or  use.  Subf reezing  tem- 

peratures of  —10°  to  0°  F.  are  recommended 
for  storage  of  dry  mulberry  seeds  {3).  Numbers 
of  seeds  per  pound  are  in  table  4. 

Pregermination  treatments. — Germination  of 
untreated  seeds  in  the  laboratory  may  vary 
greatly  since  part  of  each  collection  may  consist 
of  seeds  with  dormant  embryos  and  imperme- 

able seedcoats  {15).  Some  seeds  with  no  pre- 
treatment,  however,  have  germinated  com- 

pletely under  light  at  low  night  and  high  day 
temperatures,  when  the  fruits  were  fermented 
before  seed  extraction  {3).  For  fall  sowing,  a 
cold-water  soak  for  100  hours  is  beneficial  {1, 
15).  For  spring  sowing,  stratification  in  moist 
sand  at  33°  to  41°  F.  for  30  to  90  days  has 
improved  germination  {1,  13,  15). 

Germination  tests. — Tests  on  pretreated  seed 
have  been  run  on  wet  absorbent  paper,  in  wet 
sand,  and  in  mixtures  of  sand  and  peat  at 

diurnally  alternating  temperatures  of  86°  to 
68°  F.  for  15  to  45  days  with  a  daily  light 
period  of  8  to  16  hours  (5,  13, 15).  Germination 
capacities  ranging  from  20  to  92  percent  have 
been  obtained  under  these  conditions  {13,  15). 
Seed  embryos  are  curved  with  cotyledon  tips 
nearly  touching  the  radicle  (fig.  3).  Germina- 

tion is  epigeal. 

Nursery  practice. — Properly  pretreated  mul- 
berry seeds  mixed  with  sand  may  be  sown 

broadcast  or  in  drills  in  fall  or  spring.  Rows  can 
be  drilled  8  to  12  inches  apart,  with  50  seeds 

Table  4. — Morus:  cleaned,  seeds  per  pound 

Species 

Range 
Average  Samples 

Data 

source 

M.  alba   
M.  alba  f. 

tatarica. 
M.  rubra   

Number 

..  130,000-350,000 
245,000-370,000 

-  200,000-500,000 
200,000-425,000 

Number 
235,000 

300,000 

360,000 

314,000 

Number 

18  + 

12 

4 

15 
15 

4,15 
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per  foot  of  row,  and  barely  covered  with  soil. 
In  Oklahoma,  Russian  mulberry  is  sown  with 
20  to  25  viable  seeds  per  foot  in  a  3-  to  4-inch 
band  to  produce  10  usable  seedlings  per  foot 
(5).  Beds  should  be  mulched  with  straw,  leaves, 
or  burlap  and  kept  moist  until  germination 
begins.  Beds  should  be  half-shaded  for  a  few 
weeks  after  germination,  which  usually  begins 
1  to  2  weeks  after  spring  sowing.  Twelve  to 
50  percent  of  the  seeds  of  Russian  mulberry 
should  produce  usable  seedlings.  One  Nebraska 
nursery  uses  a  seedling  density  of  60  to  80  per 

drill  foot  (6").  One-year-old  seedling  stock  is 
used  for  field  planting;  seedlings  should  be 
dug  about  10  inches  deep  with  a  very  sharp 
blade,  since  main  roots  are  rather  stout  and 
tough  (3).  A  bacterial  canker  can  be  serious 
on  Russian  mulberry  seedlings  in  the  southern 
Plains ;  treatment  of  soil  with  formaldehyde 
solution  prior  to  seeding  has  provided  adequate 
control.  Mulberry  seedbeds  should  not  be  lo- 

cated near  older  mulberry  trees  (2).  Damping- 
off  may  occasionally  be  a  problem,  but  losses 
are  usually  minimal,  probably  due  to  nursery 
cultural  methods  presently  used  {16).  Some 
leaf-spot  fungi  (Cercospora  spp.)  may  cause 
damage. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Afanasiev,  M. 
1942.  Propagation  of  trees  and  shrubs  by 

seed.  Okla.  Agric.  Exp.  Stn.  Circ.  C-106, 
43  p. 

(2)  Davis,  W.  C,  Wright,  E.,  and  Hartley,  C. 
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(15) 
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MY  RICA 

Myricaceae — Waxmyrtle  family 

MY  RICA  L.  Bayberry 

by  Arnold  Krochmal  ' 

Growth  habit,  occurrence,  and  uses. — The  ge- 
nus Myrica  is  composed  of  evergreen  shrubs 

and  small  trees  up  to  40  feet  in  height.  Six 
species  occur  within  the  United  States  that  are 
used  by  wildlife  for  food  and  habitat,  but  only 
four  are  considered  here  (table  1).  The  fruits 
of  M.  cerifera  and  M.  pensylvanica  are  covered 
with  a  fragrant  wax  that  has  been  used  in 
making  bayberry  candles  {11).  Pharmaceuticals 
have  been  extracted  from  the  fruit,  bark,  and 
leaves  of  M.  cerifera  (5,  11).  This  species  was 
first  cultivated  in  1699  and  has  been  used  ex- 

tensively in  environmental   planting. 

Flowering  and  fruiting. — Flowers  are  unisex- 
ual and  mostly  dioecious.  Flowers  of  M.  cali- 

fornica,  however,  are  unisexual  and  monoecious 
{10).  Fruits  are  small,  globose,  dry  drupes 
heavily  coated  with  wax  (fig.  1).  Seeds  have 
no  endosperm  (fig.  2).  Color  of  the  ripe  fruits 
varies  with  species  (table  2).  Fruits  of  most 
species  of  Myrica  persist  on  the  shrubs  over 

winter  but  those  of  M.  californica  are  dropped 
early  in  the  winter  {10). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Ripe  drupes  can  be  stripped  by  hand 
into  a  container  or  shaken  onto  a  canvas.  The 

Southeastern  Forest  Exp.  Stn. 
Figure   1. — Myrica   cerifera,   southern  bayberry: 

coated  drupe  and  cleaned  drupe  (seed),  8  X. 
wax 

Table  1. — Myrica:  nomenclature,  occurrence,  and  height  at  maturity;  data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence Height  at 

maturity Data  compilers 
for  the  species 

M.  californica  C&S          Pacific  bayberry. 
Pacific  waxmyrtle, 
western  waxmyrtle. 

M.  cerifera  L...      southern  bayberry, 
Morella  cerifera  (L.)  southern  waxmyrtle. 
Small.  waxmyrtle. 

Cerothammis  ceriferus 
(L.)  Small. 

M.  carolinensis  Mill. 

M.  gale  L         sweetgale   

M.  pensylvanica  Loisel.'. 
northern  bayberry, 

bayberry, 
candle-berrv. 

Pacific  coast  region  from 
Santa  Monica  Mountains, 
California,  north  to 
Washington. 

East  Texas,  Oklahoma, 
Arkansas,  and  Louisiana, 
east  to  Florida  and 
north  to  New  Jersey. 

Shallow  water  and  swamps 
Alaska  to  Newfoundland 
and  Nova  Scotia;  north- 

eastern and  north 
central  United  States. 

Newfoundland  to  New  York 
and  Maryland. 

Feet 
3-35 

30-40 

Richard  L.  Hubbard. 

Robert  M.  Blair 
and  R.  L.  Barnes. 

1-6         Gayne  G.  Erdmann. 

2-8         Arnold  Krochmal. 

'  M.  pensylvanica  was  referred  to  as  M.  caroliniensis  Miller  until  1935  when  Fernald  showed  that  the  latter  name 
was  a  synonyms  for  M.  cerifera  L.,  southern  bayberry  (6). 
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Table  2. — Myrica:  floivering  and  fruiting  dates;  color  and  size  of  ripe  fruits 

MY  RICA 

<?TiPniP=;  Flowering'  Fruit  ripening-  Color  of  ripe  nf  rinp 
bpecies  j^j.gg  ^^^^gi  p^yj^.  ot^npc 

hiches 

M.  californica  March-April     September     Brownish  purple  with  greyish  white    wax. 

M.  cerifera     April-June        August-October  Light  green  with  pale  blue  wax        1/8 

M.gale   do           July    lustrous  and  dotted  with  resin      

M.pensylvanica  -   April-July     September-October    covered  with  greyish  white  wax    1/6 

'  Fruits  persist  on  the  shrubs  during  the  winter  months  except  on  M.  californica  (Jf,  10). 

Data 
source 

7,8,10 

1,^,10 

Table  3. — Myrica:  cleaned  seeds  per  pound 

Figure  2. — Myrica  cerifera,  southern  bayberry:  longi- 
tudinal section  through  the  embryo  of  a  drupe,  12  X . 

drupes  are  handled  as  seeds.  The  only  process- 
ing needed  is  removal  of  the  waxy  coating 

prior  to  stratification  or  sowing.  During  stor- 
age, however,  the  wax  coating  should  be  left 

on  the  seeds.  In  dry  storage  at  room  tempera- 
ture, initial  viability  of  wax-coated  seeds  of 

M.  pensylvanica  was  maintained  for  9  months 
while  viability  of  cleaned  (de -waxed)  seeds 
declined  after  6  months  (3).  Wax  can  be  re- 

moved from  the  seeds  before  stratification  by 
mechanical  agitation  of  the  dry  seeds,  or  by 
rubbing  them  dry  over  a  screen. 

On  3  samples  of  northern  bayberry  seed, 
average  purity  was  98  percent  and  soundness 
was  90  percent  {11).  Number  of  seeds  per 
pound  are  listed  in  table  3. 

Germination  tests. — GeiTnination  of  cleaned 
bayberry  seeds  was  accelerated  and  increased 

by  stratification  at  34"  to  40^  F.  for  60  to  90 
days  (5,  8)  (fig.  3).  Germination  test  results  on 
stratified  seed  are  in  table  4.  Light  was  essential 
for  germination  of  M.  gale  (9). 

Nursery  practice. — Seeds  of  Myrica  may  be 
sown  in  nursery  beds  in  the  fall  or  spring. 
Drilling  in  rows  8  to  12  inches  apart  is  prefer- 

able to  broadcasting.  The  seed  should  be  covered 

Species 
Range         Average 

Sam-    Data 

pies    source 
Number        Number  Number 

M.  californica    22,000  1  8 

M.  cerifera' ^      80,000-92,000  84,000  3  2 

M.  pensy/fajHca -■    52,000-58,000  55,000  3  11 

'  Seeds  from  Bullock  Co.,  Georgia. 

"  About  60  pounds  of  cleaned  seed  were  recovered  from 
100  pounds  of  fruit.  Yield  data  for  this  species  was  re- 

ported previously  under  the  name  M.  cerifera  (11). 

with  about  one-fourth  inch  of  firmed  soil.  On 
fall-sown  beds,  a  mulch  of  straw  or  leaves  is 
desirable  until  after  late  spring  frosts.  Seed- 

ing must  be  done  late  in  the  fall  to  avoid 
germination  during  that  season  and  seedling 
mortality  during  the  winter.  For  spring  sowing, 

seed  should  first  be  stratified  at  34-40''  F.  for 
90  days  (3,8,11). 

ICM. 

Figure  3. — Myrica   californica,   Pacific  bayberry:   one- 
month-old  seedling. 
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Table  4. — Myrica:  stratification  period,  germination  test  conditions,  and  results 

Species 
Cold 

strati- fication 

period ' 

Germination 

test  conditions " 

Germinative 

energy 

Medium 
Dura- tion 

Amount Period 

Germinative 
capacity Samples Data source 

M.  californica^. 
M.  gale "   
M.  pensylvanica. 

Days 

90 

30 90 
soil-sand-peat 
filter  paper 
soil-sand-peat. 

Days 
113 

35 150 

Percent 

54 

Days 

21 

Percent 

60 
58 

88 

Number 
1 
1 
1 

At  34°  to  40°  F. 
'  At  greenhouse  or  room  temperatures  under  normal  day  length. 
'  Seed  samples  in  darkness  did  not  germinate  (9). 

Literature  and  Other  Data 
Sources  Cited 
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Alaska).  U.S.  Dep.  Agric,  Agric.  Handb. 
41,  472  p. 
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1959.  An  illustrated  manual  of  California 

shrubs.  663  p.  Univ.  Calif.  Press,  Berkeley. 
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1939.  Collecting  and  handling  seeds  of  wild 
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5,  42  p. 
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1934.  The  influence  of  exposure  to  winter 
temperatures  upon  seed  germination  in 
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Hydrophyllaceae — Waterleaf  family 

NAM  A  LOBBII  Gray.  Woolly  nama 

by  Eamor  C.  Nord  ̂   and  Andrew  T.  Leiser  - 

Growth  habit,  occurrence,  and  use. — There 
are  two  perennial  species  in  this  genus,  both 
low  growing,  suffruticose  perennials  native  to 
California.  Only  Nama  lobbii  appears  to  have 

any  potential  for  I'evegetation  use  as  it  provides 
a  rather  persistent,  dense  ground  cover.  The 
other  species,  N.  rothrockii,  furnishes  only  a 
sparse  cover  that  dies  back  to  the  roots  each 
year. 

Woolly  nama  is  native  to  the  Sierra  Nevada 
and  Cascade  ranges  in  east-central  and  north- 

ern California,  and  western  Nevada  at  4,000 
to  7,000  ft.  elevations  within  ponderosa  or 
Jeffrey  pine  and  red  fir  forest.  It  occurs  on 
slightly  to  moderately  acid  soils  derived  mostly 
from  volcanic  mud  flows  and  decomposed  gran- 

ites. Plants  1/2  to  2  feet  tall  are  generally  sparse 
and  widely  scattered,  but  where  the  tree  or 
associated  shrub  overstory  is  removed,  such  as 
by  logging  or  other  mechanical  means,  woolly 
nama  spreads  rapidly  to  form  dense  crov^^ns 
up  to  5  feet  in  diameter  on  individual  plants. 
Fast-growing  roots  that  extend  up  to  15  feet 
or  more  in  a  single  year  contain  a  profusion  of 
adventitious  buds  that  sprout  to  form  new 
plants. 

Woolly  nama  has  many  characteristics  that 
make  it  desirable  for  revegetation  on  adapted 
sites.  The  low  growth  habit  helps  reduce  fire 
hazards  in  brush-cleared  areas,  and  its  abun- 

dant, aggressive  sprouting  habit  together  with 
dense  foliage  provides  good  ground  cover.  It  is 

known  to  off'er  strong  competition  and  thus 
reduce  growth  of  young  conifers  within  planta- 

tions. Although  it  is  not  regarded  as  a  serious 
weed  pest  in  areas  where  it  occurs  naturally, 
care  should  be  exercised  to  prevent  introduction 
and  possible  spread  of  this  plant  into  cultivated 
croplands,  mainly  because  of  its  aggressive 
rooting  habits  that  enables  the  plant  to  with- 

stand cultivation. 

Flowering  and  fruiting. — Numerous  small 
purple  flowers  borne  in  reduced  terminal  cymes 
or  in  axillary  angles  along  slightly  erect  stems 
appear  from  May  to  September.  The  fruit  is  a 
capsule  containing  10  to  12  oval  shaped,  angular, 
very  dark  brown  seeds  up  to  ̂ i,-,  inch  (1.5  mm) 

^  Pacific  Southwest  Forest  and  Rangfe  Exp.  Stn. 
-  Department    of    Horticulture,    University    of    Cali- fornia, Davis. 

long  (figs.  1  and  2).  The  capsules  mature  in 
late  August,  September,  and  October.  In  one 
test,  cleaned  seed  between  i^,,  and  l{|-,  inch 
diameter  size  had  85  percent  fill  and  contained 
910,000  (±22,000)  seed  per  pound. 

Collection,  extraction,  and  storage. — Mature 
seed  may  be  hand-stripped  or  flailed  directly 
into  containers,  or  seed  heads  together  with 
some  of  the  foliage  may  be  harvested  mechan- 

ically during  late  September  and  thereafter 
until  snow  covers  the  ground.  One  means  is  to 

Figure  1. — Nama  lobbii,  woolly  nama:  seed,  20   X. 

LSmm 

'-  0 

Figure  2. — Nama  lobbii,  woolly  nama:  longitudinal  sec- 
tion through  a  seed,  40  X. 
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use  a  rotary  lawnmower  equipped  with  a  col- 
lection bag  and  set  at  maximum  height  that 

clips  and  gathers  the  material  which  is  later 
dried  and  threshed.  The  seed  may  be  extracted 
by  threshers,  hammermills,  and  fanning  mills. 
One  collection  made  in  the  Tahoe  Basin,  using 
this  type  of  equipment,  yielded  over  4  pounds 
clean  seed  from  about  130  pounds  dry  clippings 
(1).  Only  one-half  of  the  total  seed  was  released 
from  capsules  during  clipping  and  drying,  and 
the  remaining  seed  had  to  be  extracted  and 
separated  by  a  hammermill  and  South  Dakota 
Seed  Blower.  No  precise  data  are  available  on 
longevity  of  this  seed,  but  it  is  presumed  to 
remain  viable  for  a  number  of  years  when 
stored  under  proper  conditions.  We  recommend 
seed  be  stored  in  a  cool,  dry  place,  preferably 
in  a  tightly  stoppered  container  until  it  is 
planted. 

Germination. — Woolly  nama  seed  does  not 
germinate  readily  even  when  moisture,  tem- 

perature, and  other  conditions  are  favorable. 
Stratification  has  little  beneficial  effect  on  in- 

creasing germination  but  when  seedcoats  are 
removed,  up  to  60  percent  of  the  seed  will 
germinate  (2).  This  indicates  that  most  but 
not  all  the  dormancy  is  in  the  seedcoat.  The 
dormancy  is  probably  due  to  a  chemical  and  is 
not  caused  by  a  physical  restriction  in  the  seed- 
coat.  The  chemical  extracts  of  the  colored 
leacheate  obtained  from  the  seed  kept  under 
intermittent  mist  contained  an  anionic  poly- 

phenol that  may  be  suspected  as  one  agent 
aflFecting  dormancy  of  this  seed  (1). 

The  treatment  yielding  the  highest  total 
germination — 39  perecnt — resulted  from  leach- 

ing woolly  nama  seed  for  3  days  under  inter- 
mittent mist  (3  seconds  at  2-minute  intervals) 

followed  by  soaking  in  200  p.p.m.  gibberellic 
acid.  Other  treatments  in  which  gibberellic  acid 
has  been  used  on  this  seed  has  up  to  30  per- 

cent total  germination,  but  sulfuric  acid, 
thiourea,  hydrogen  peroxide,  and  hot  water 
treatments  did  not  improve  germination  of  this 
seed  in  any  manner  (1,  2). 

The  first  observed  germination  in  laboratory 
tests  of  woolly  nama  seed  was  at  12  days  and 
germination  continued  intermittently  thereafter 
throughout  a  4-month  period  (i,  2).  Because 
of  the  very  low  and  slow  germination,  it  is 
most  unlikely  that  one  might  expect  satisfactory 
establishment  of  woolly  nama  from  direct  field 
seedlings  unless  seed  is  treated  in  some  manner 
to  break  dormancy.  This  appears  to  be  the  case 
even  in  native  stands  where  seedling  plants  are 
rarely  found ;  presumably  most  natural  estab- 

lishment or  spread  of  this  species  comes  from 
root  segments  transported  during  some  form 
of  soil  disturbances. 

Nursery  and  field  practice. — It  is  recom- 
mended, until  better  methods  have  been  de- 
veloped, that  woolly  nama  seed  be  treated, 

preferably  only  a  few  days  in  advance  of  plant- 
ings, by  leaching  under  intermittent  mist  or 

running  water  for  2  to  3  days  and  then  soaking 
in  gibberellic  acid  that  is  constantly  agitated 
and  air-drying  them  thoroughly.  Do  not  rinse 
or  wash  treated  seeds.  A  2-hour  soak  in  200 
p.p.m.  or  stronger  gibberellic  acid  solutions  is 
suggested  if  seeds  are  sown  within  a  few  days 
after  treatment.  If  seeding  is  to  be  delayed  for 
more  than  about  10  days  after  seed  are  treated 
and  soil  moisture  conditions  are  unpredictable, 
use  stronger  solutions  and  longer  soaking  pe- 

riods— probably  up  to  500  p.p.m.  for  periods 
up  to  24  hours  to  reduce  risks  of  leaching  should 
rains  occur  before  seed  germinates. 

Seeding  should  be  done  in  the  late  fall  or 
very  early  spring  to  take  advantage  of  the  most 
favorable  moisture  conditions  for  germination 
and  seedling  establishment.  Seed  may  be  sown 
separately  or  mixed  with  rice  hulls  as  a  diluent 
and  carrier  and  at  about  one-half  inch  depth 
on  properly  prepared,  firm  seedbeds  where  com- 

peting vegetation  has  been  previously  removed. 
The  plant  makes  its  best  development  on 

medium-textured,  well-drained  soils  that  are 
neutral  to  moderately  acid  in  reaction.  The 
plants  are  susceptible  to  gophers  that  damage 
or  destroy  the  roots,  especially  in  experimental 
plantings  made  in  southern  California  (2).  It 
appears  to  be  immune  from  damage  by  animal 
clipping,  including  that  of  rabbits  which  often 
damage  or  destroy  many  other  shrub  or  herb- 

aceous species. 
Rooting  either  stem  cuttings  or  root  sections 

of  woolly  nama  have  not  been  too  successful. 
In  several  trials,  the  greatest  rooting  was  30 
percent,  all  from  stem  cuttings,  but  none  of 
the  rooted  cuttings  survived  when  transplanted 
into  pots.  Root  cuttings  failed  to  regenerate 
new  plants,  although  some  fresh  shoots  became 
green  and  grew  slightly  (5). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Leiser,  A. 
Data  filed,  1971.    Univ.  Calif.,  Davis,  Calif. 

(2)  Nord,  E.  C. 
Data  filed.  1970-71.  USDA  Forest  Serv.,  Pac. 

Southwest  Forest  and  Range  Exp.  Stn., 
Riverside,  Calif. 
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Aquifoliaceae — Holly  family 

NEMOPANTHUS  MUCRONATUS  (L.)  Trel. 

by  C.  S.  Schopmeyer  ' 

Mountain-holly 

Mountain-holly  is  a  deciduous,  branchy  shrub 
which  occurs  in  swamps  from  Newfoundland  to 
Minnesota  and  south  to  Virginia  and  Indiana. 
It  was  introduced  into  cultivation  in  1802.  This 
species  provides  food  and  cover  for  game.  Its 
flowers  open  in  May  and  June  and  fruits  ripen 
in  August  and  September  of  the  same  year. 
The  fruit  is  a  dull  red  berrylike  drupe  14  to  V;? 
inch  (6  to  8  mm.)  in  diameter  containing  four 
to  five  bony  nutlets  (4).  The  latter  are  some- 

what crescent  shaped  and  are  bone  coloi*ed  with 
one  rib  on  the  back  (fig.  1).  Because  the  fruit 
is  somewhat  persistent,  it  may  be  collected  as 
late  as  mid-October  (6). 
j  Small  lots  of  seed  can  be  extracted  by  rubbing 
jthe  fruits  through  a  No.  10  screen  and  then 
! floating  off  the  pulp  and  empty  seed.  Approx- 

imately 10  pounds  of  cleaned  seed  were  ex- 
tracted from  100  pounds  of  fresh  fruit.  There 

were  about  1,600  berries  in  a  one-pound  sample. 
The  number  of  cleaned  seeds  per  pound  in  3 
samples  ranged  from  31,000  to  66,000  with  an 
average  of  45,000.  Seed  purity  in  one  sample 
was  96  percent  and  average  soundness  in  4 
samples  was  80  percent  (6). 

Seeds  require  a  period  of  after-ripening  for 
development  of  the  immature  embryo  (fig.  1). 
Consequently  germination  is  very  slow.  In  3 
tests,  germination  started  several  months  after 
mowing  and  continued  for  about  2  years  when 
germination  capacities  of  14  to  66  percent  were 
observed  (1,  5).  Cold  stratification  alone  was 
lot  effective  in  speeding  up  germination  (1,  3). 
Results  v/ith  other  pretreatments  have  not  been 

'eported.  Propagation  by  greenwood  cuttings 
s  feasible  (2). 

endosperm      ^    4 
embryo 

LO 

Figure  1. — Nemopanthus  mucronatus,  mountain-holly: 
left,  longitudinal  section  through  a  nutlet  showing 
small,  immature  seed;  right,  exterior  view  of  nutlet; 
both  at  9  X . 
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^  Timber  Management  Research,  USDA  Forest  Service. 
1948.     Woody-plant    seed    manual. 

Agric.  Misc.  Publ.  654,  416  p. 
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Cornaceae — Dogwood  family 

NYSSA  L.  Tupelo 

by  F.  T.  Bonner  ̂  

Growth,  habit  and  use. — The  three  deciduous, 
arboi'eal  species  of  Nyssa  native  to  North 
America  (table  1)  are  useful  for  timber  pro- 

duction, wildlife  food,  and  honey  production. 
Nyssa  aquatica  and  the  two  varieties  of  N. 
sylvatica  were  cultivated  in  North  America 
before  1750  (18). 

Flowering  and  fruiting. — The  minute,  green- 
ish-white flowers  that  appear  in  spring  (table 

2)  may  be  perfect,  or  staminate  and  pistillate 

'  Southern  Forest  Exp.  Stn. 

flowers  may  be  borne  separately  on  different 
trees.  The  fruits  of  Nyssa  are  thin-fleshed, 
oblong  drupes  about  i/o  to  li/o  inches  long  (fig. 
1).  They  ripen  in  the  fall  (table  2).  Each  fruit 
contains  a  bony,  ribbed,  usually  1-seeded  stone 
(fig.  2  and  3).  Stones  of  N.  aquatica  range  in 
color  from  white  to  dark  brown  or  gray,  and 
some  are  pinkish  white.  Stones  of  all  colors  have 
germinated  equally  well  (2).  Trees  of  N. 
aquatica  bear  their  first  fruits  when  they  are 
about  5  to  10  years  old  and  produce  fruits 
abundantly  every  year  (11,  15). 

Table  1. — Nyssa:  nomenclature  occurrence,  and  height,  data  compilers 

Scientific  names 
and  synonyms 

Common 
names Occurrence Height  at maturity Data  compilers 

for  the  species 

Data 

source 

Feet 
/v.  aquatica  L   water  tupelo, 

tupelo-gum, 
sour-gum, 
cotton-gum, 
swamp  tupelo. 

Coastal  Plain  from  Virginia 
to  north  Florida  and 
Texas  north  to  Missouri. 

80-100 H.  E.  Kennedy, 

,Jr. 

9 

/v.  ogeche  Bartr.   Ogeechee  tupelo, 
Ogeechee-lime, sour  tupelo, 

sour  tupelo- 
gum,  Ogeechee- 
plum. 

Coastal  Plain  from  South 
Carolina  to  northwest 
Florida. 

40-50 R.  L.  Barnes. 1 

/v.  sylvatica  var.  sylvatica 
Marsh. 

black  tupelo, 
blackgum, 
sour-gum, 

tupelo-gum. 

Maine  west  to  Michigan 
and  Missouri,  south  to 
east  Texas  and  north 
Florida. 

50-60 L.  C.  Maisenhelder. 9 

/v.  sylvatica  var.  biflora 
(Walt.)  Sarg. 

N.  biflora  Walt. 

swamp  tupelo, 
blackgum, 

swamp  black- 
gum, swamp 

black  tupelo. 

Coastal  Plain,  chiefly 
from  Delaware  to  south 
Florida  and  east  Texas, 
north  to  west  Tennessee. 

130 
R.  L.  Barnes. 8 

Table  2. — Nyssa .•  phenology  of  flowering and  fruiting 

Species 
Flowering 

dates 
Fruit  ripening             Color  of                  Dates  of 

dates                   ripe  fruits               fruit  drop 

Data 

source 

A^.  aquatica       

A'^.  ogeche        A^.  sylvatica 
var.  sylvatica   
var.  bifl-ora   

..._.   Mar.-Apr     
    Mar.-May 

   Apr.-June   
—  -    -do    -.     

Sept.-Oct    Dark  purpli 
July-Aug.       -   Red   

Sept.-Oct    Blue  black 
Aug.-Oct       do   

e    Oct.- 
     Sept 
   Sept 

-Nov   

.-Nov   

.-Dec   

18 
17 

U,18 

5,16 
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N.  aquatica 
water  tupelo 

N.  sy/vatica  var.  sylvatica 
biacK  tupelo <\*y 

N.  aquatica 
water  tupelo 

N.  ogeche 
Ogeechee  tupelo 

$ 

N.  sy/vatica  var.  sy/vatica     N.  sy/vatica  var.  bif/ora black  tupelo  swamp  tupelo 

Figure  2. — Nyssa:  stones   (seeds),  1  X. 

N.  ogeche 
Ogeechee  tupelo 

Figure  1. — Nyssa:  fruits,  1  x. 

Collection,     extraction,    and    storage. — Ripe 
fruits  may  be  picked  from  the  ground,  from 
standing  trees,  or  from  those  freshly  felled.  To 
extract  the  seeds,  the  fruits  should  be  run 
through  a  macerator  with  running  water  to  float 
off  the  pulp.  Small  samples  may  be  depulped  by 
rubbing  the  fruits  over  a  large-meshed  screen, 
such  as  hardward  cloth.  For  water  tupelo,  ob- 

served numbers  of  fruits  per  pound  have  been 
from  156  to  27S  (3,  18,  19).  From  100  pounds 
of  black  tupelo  fruits,  25  pounds  of  seed  have 
been  extracted  (18).  Numbers  of  cleaned  seeds 
per  pound  are  in  table  3.  Nyssa  seed  can  be  kept 
quite  satisfactorily  over  winter  in  cold  moist 

12r 

F'iGURE  3. — Nyssa  syivatica  var.  sylvatica,  black  tupelo: 
longitudinal  section  throug-h  a  stone,  4  X  . 

Table  3. — Nyssa:  cleaned  seeds  pe7- pound 

Species 

Cleaned  seeds  per  pound 

Place  of  collection Range Average 
Samples 

Data 
source 

Number Number Number 
^.  aquatica   456 18 
V.  ogec/ie     

1,040- 

-1,420 

1,230 
2 

7,19 
/.  sylvatica   

1,850- 

-4,000 

3,300 
5 18 

var.  sylvatica .  , North  Carolina   

2,610- 

-3,860 

3,380 

10 

19 
Midv^^est   

2,492 

2  + 

U 
var.  biflora..   .—  South  Carolina   

2,415 

10 13 
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stratification  in  sand  or  in  just  cold  storage 
(li).  The  removal  of  the  pulp  does  not  appear 
to  be  essential  for  storage  or  stratification  over 
winter.  Long-term  storage  methods  for  Nyssa 
have  not  been  reported. 

Pregermination  treatment. — Nyssa  seeds  ex- 
hibit moderate  embryo  dormancy,  and  they 

benefit  from  cold,  moist  stratification.  Both 
moist  sand  and  plastic  bags  (naked  stratifica- 

tion) have  been  used  successfully  (2,  5,  12,  19). 
Good  germination  has  been  reported  after  only 
30  days  stratification  {2,  6,  19),  but  periods  up 
to  120  days  may  be  needed  for  some  seed  lots. 

Germination  tests. — Germination  of  stratified 
seeds  has  been  tested  in  several  media  (table  4). 
Each  of  these  media  probably  would  be  satis- 

factory for  seeds  of  all  species  of  the  genus. 
Total  or  near  submersion  in  water  is  harmful  to 
germination  of  seeds  of  N.  aquatica  {2,  6).  Sub- 

mersion of  seeds  of  other  Nyssa  species  also 
should  be  avoided. 

Nursery  practice. — Although  untreated  seed 
may  be  sown  in  the  fall  (10),  spring  sowing  of 
stratified  seed  is  recommended,  particularly  in 
the  South.  They  may  be  drilled  in  rows  with  15 
seeds  per  linear  foot  for  N.  aquatica  or  broad- 

cast (H).  Seeds  can  be  planted  V^  to  1  inch 
deep  (18)  or  sown  on  the  bed  surface  and  rolled 
into  the  soil,  mulched,  or  both  (12,  14,  20).  One 
to  lVi>  inches  of  sawdust  is  recommended  as  a 
mulch  for  N.  aquatica  (12)  and  14  inch  of  saw- 

dust or  1  inch  of  pine  straw  for  N.  sylvatica  var. 

Figure  4. — Nyssa  sylvatica  var.  sylvatica:  seedling  de- 
velopment at  1,  4,  and  39  days  after  germination. 

biflora  (20).  After  sowing,  the  seeds  and  mulch 
must  not  be  allowed  to  dry.  Germination  is 
epigeal  (fig.  4).  Root  pruning  or  transplanting 
have  been  suggested  as  a  means  of  stimulating 
good  root  growth  before  outplanting  (18). 

Table  4. — Nyssa:  germination  test  conditions  and  results  on  stratified  seeds 

  Germination  test  conditions    Germinative  Germinative 

Species               Daily                              Temperature  Oura       "^^^^   ^^^^"'^    Purity 
light         Medium     —   TTTTT-  fjon  Amount    Period  Average  Samples 

period                             Day        Night  "O" 

Hours                             °F.           °F.  Days  Percent     Days  Percent  Number  Percent 
N.  aquatica   ...__.         8         Kimpak              86             68  27  87             18  97               5           100 

0         Water  in  a         85             85  28  57             14  79             24 

petri  dish. 
N.ogeche           8         Kimpak_            86             68  70  69             12  85               1 

A'',  sylvatica 
var.  sylvatica ...         8         Kimpak              86             68  27  . ..             — -  71               8             99 

var.  biflora          (')        Sand  _        _  _  60  — .             — .  51 

'  Natural  daylength  in  a  greenhouse. 

Data 
source 

19 
12 

19 

19 

5 
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OLEA 

Oleaceae — Olive  family 

OLEA  EUROPAEA  L. 

by  Stanley  L.  Krugman 

Olive 

Growth  habit,  occurrence,  and  use. — The  olive 
is  a  broad-leaved  evergreen  tree  reaching  a 
height  of  10  to  60  feet,  with  a  crown  width  often 
approaching  that  of  its  height.  This  species  was 
first  introduced  to  what  is  now  California  about 
1800  by  Franciscan  Fathers  at  the  Mission  San 

'  Timber  Management  Research,  USDA  Forest  Service. 

Figure  1. — Olea  europaea,  olive:  stone,  2  x. 

13nnm 

0 

Figure  2. — Olea   europaea,   olive:    longitudinal   section 
through  a  stone,  6  X. 

Diego  (3).  Many  varieties  of  Olea  europaea  have 
since  been  introduced  directly  from  the  Mediter- 

ranean Region  (4) .  It  has  been  widely  cultivated 
in  California  since  about  1900,  and  in  parts  of 
the  Southwest  (1). 

It  is  cultivated  mainly  as  a  fruit  tree  for  the 
production  of  commercial  table  olives  and  olive 
oil.  In  recent  years  it  has  been  increasingly 
planted  in  areas  with  minimum  temperatures 
above  15"  F.  as  a  shade  or  street  tree  and  as  part of  shelterbelts  (1,3). 

Varieties. — Hundreds  of  varieties  of  0.  euro- 
paea are  known.  For  the  most  part,  they  diifer 

from  each  other  in  tree  size  and  in  the  quality 
and  size  of  their  fruit.  Five  varieties  are  grown 
in  relatively  large  numbers  in  California :  Man- 
zanillo,  Mission,  Ascolano,  Barouni,  and  Sevil- 
lanao,  which  are  grown  mainly  for  table  olives. 
The  Manzanillo  and  Mission  fruits  can  also  be 
used  for  olive  oil  extraction  (3).  Any  of  these 
varieties  can  be  planted  for  landscape  purposes. 

Flowering  and  fruiting. — In  May,  in  the  axils 
of  the  leaves  on  the  wood  of  preceding  year's 
growth,  yellowish-white  flowers  are  borne  in 
great  numbers.  Both  perfect  (bisexual)  and 
staminate  (unisexual)  flowers  are  found  in  the 
inflorescences  (2).  The  staminate  or  male 
flowers  drop  soon  after  blooming  and  are  similar 
to  the  perfect  flowers  except  that  the  pistil  is rudimentary  (2). 

At  5  years  of  age,  the  olive  normally  can 
produce  an  annual  crop  of  fruit.  However,  some 
varieties  will  bear  in  alternate  years.  The  olive 
fruit  is  a  subglobose  or  oblong  drupe,  Vo  to 
11/2  inches  (12  to  37  mm.)  long  (1,2)  containing 
a  single  stone  (figs.  1  and  2).  The  maturing  fruit 
passes  from  a  deep  green  to  a  straw  color,  then 
to  a  black  and  shining  color  when  ripe.  The  fruit 
and  seeds  mature  during  October  through  De- 

cember. If  not  picked  immediately  the  fruit  may 
remain  on  the  tree  until  early  spring. 

Collection,  extraction  and  storage. — The 
fleshy  fruits  are  collected  by  hand  and  the  stones 
are  extracted  in  a  macerator  and  dried.  The  dry 
stones  are  used  as  seeds.  The  number  of  fruits 
and  seeds  per  pound  for  three  commercial  size 
classes  of  olives  (4)  are  listed  in  table  1. 
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Table  1. — Olea  eiiropaea:  fruits  and  seeds 
(stones)  per  pound  and  other  yield  data 

Fruit  size 
class 

Fruits  per 

pound 

Seed  yield 

per  ton of  fruit 

Seeds  per 

pound 
Number  Pounds  Number 

Small                  320                     320  2,000 
Medium                  90                     240  750 
Large      . .                  45                     200  450 

The  stones  can  be  stored  dry  at  room  tempera- 
tures for  a  few  years  without  serious  losses  in 

viability  (1). 
Germination  and  nursery  practice. — Most 

olive  trees  in  California  are  propagated  as 
rooted  cuttings.  However,  some  nurseries  pro- 

duce trees  as  grafted  or  budded  seedlings.  Seeds 
from  small-fruited  varieties  germinate  much 
more  readily  than  do  those  of  large-fruited  ones. 
Seeds  from  some  selected  small-fruited  varieties 
will  germinate  as  high  as  90  percent  in  com- 

parison to  only  5  to  10  percent  for  seeds  from 
the  large-fruited,  table  olive  varieties.  There- 

fore only  the  small-fruited  varieties  are  used  as 
a  source  of  seed. 

Seeds  are  sown  i/j  inch  deep  in  a  well-drained 
soil  under  covered  beds  in  the  fall.  Normally  the 
seeds  of  most  varieties  will  germinate  readily 

by  spring  without  any  special  treatment.  How- 
ever, some  of  the  seeds  may  not  germinate  until 

the  second  year.  Removal  or  cracking  of  the 
endocarp  (pit)  may  hasten  seed  germination  of 
certain  varieties  but  not  others.  Germination 
can  also  be  hastened  by  soaking  uncracked  pits 
in  concentrated  sulfuric  acid.  The  soaking 
period  will  vary  with  the  variety.  For  the 
Redding  Pickoline  variety  a  24-hour  acid  soak 
followed  by  a  2-hour  washing  in  water  will  re- 

duce the  time  to  germinate  by  several  months 
(•?).  The  seedlings  are  transplanted  after  a  year 
either  to  a  container  or  to  a  transplant  bed  for 
grafting  and  should  be  ready  for  field  planting 
after  several  growing  seasons  from  germina- tion. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Eden,  C.J. 
Correspondence,  January  16,  1969.  Davis 

Headquarters,  State  Forest  Nursery,  Davis, 
Calif. 

(2)  Hartmann,  H.  T. 
1949.  Growth  of  the  olive  fruit.  Proc.  Am.  Soc. 

Hortic.   Sci.  54:   86-94. 
(3)   and  Opitz,  K.  W. 

1966.  Olive  production  in  California.  Univ. 
Calif.  Agric.  Exp.  Stn.,  Circ.  540,  63  p. 
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Leguminosae — Legume  family 

OLNEYA  TESOTA  A.  Gray 

by  Stanley  L.  Krugman  ^ 

Tesota 

Tesota  (also  known  as  Arizona-ironwood, 
desert-ironwood,  ironwood,  palo  de  hierra)  is 
an  evergreen,  broad-crowned  tree,  16  to  26  feet 
high  commonly  found  in  the  desert  washes  and 
valleys  of  southeastern  California,  southern  Ari- 

zona, and  northwestern  Mexico  (4,  5).  It  pro- 
vides browse  for  cattle.  Within  its  natural 

range,  it  can  be  planted  successfully  in  selected 
arid,  treeless  localities  to  improve  the  environ- 

ment {6). 
Flowering  occurs  from  April  to  June  (5,  6). 

The  white  to  rose-purple  flowers  produce  a  1- 
to  8-seeded,  light-brown,  rounded  hairy  pod, 
1.5  to  2  inches  in  length  (4,  5,  6).  Pods  may  be 
picked  in  August  and  should  be  dried  for  several 
days  to  facilitate  seed  extraction.  Many  seeds 
are  infested  with  insect  larvae  when  collected. 
If  larvae  are  present,  the  seeds  should  be  fumi- 

gated promptly  to  kill  the  larvae  (2,  6).  The 
seeds  are  chestnut  brown  to  black,  shiny,  ovoid. 

Timber  Management  Research,  USDA  Forest  Service. 

rSn 

Figure  1. — Ohreya  tesota,  gray  tesota:  longitudinal  sec- 
tion through  a  seed  (left)  and  exterior  view  (right), 

4  X. 

and  one-third  inch  (8  to  9  mm.)  long  with  no 
endosperm  (fig.  1)  {3,  If,  5,  6).  Seed  counts  on 
two  samples  were  2,000  and  2,200  seeds  per 
pound  (6). 

Fresh  seeds  require  no  treatment  prior  to  ger- 
mination, although  a  12-  to  24-hour  water  soak- 

ing is  helpful.  Stored  seeds  should  be  soaked 
at  least  24  hours  (2,6).  Mild  scarification  before 
soaking  is  often  helpful  {1,  6).  Seeds  can  be 
broadcast  sown  in  the  spring  and  covered  with 
one-fourth  inch  of  soil  or  sand.  Small  lots  can 
be  germinated  in  planting  flats  or  small  con- 

tainers and  then  transplanted.  Seeds  will  rot 
easily,  so  that  extra  care  must  be  taken  in 
watering  {2,  6).  Initial  germination  is  prompt, 
often  occurring  within  18  to  24  hours  of  sowing 
{2,  6).  Seedling  appear  in  6  days  after  sowing 
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OSMARONIA 

Rosaceat -Rose  family 

OSMARONIA  (Torr.  &  Gray)  Greene  Osoberry 

by  Edward  J.  Dimock,  11,^  and  William  I.  Stein  ' 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Osmaro)na  contains  a  single  species.  Osma- 

ronia  cerasiformis  (Torr.  &  Gray)  Greene,  oso- 
berry (synonyms:  NuttaUia  ceyasiformis  Torr. 

&  Gray,  Exochorda  davidiana  Baillon,  NuttaUia 
davidiana  Baillon;  Indian  plum,  squaw  plum, 
Indian  peach)  is  a  common  deciduous  shrub 
(5,  6,  7).  It  grows  in  moist  to  fairly  dry,  open 
woods  from  British  Columbia  southward 

through  western  Washington  and  western  Ore- 
gon to  Tulare  County  in  the  Sierra  Nevada  and 

lorthern  Santa  Barbara  County  in  the  Coast 
Ranges  of  California  (7,  9).  Usually  a  shrub 

'rom  5  to  10  feet  tall,  it  may  attain  small  tree 
nze  (1,  7).  Roadsides,  streambanks,  and  shaded 
slopes  are  favored  habitats,  but  its  presence  is 

•onspicuous  only  in  early  spring  when  the  light 
rreen  foliage  and  delicate  inflorescences  appear 
)efore  those  of  most  associated  species.  Two 
'arieties  have  been  noted :  lancifolia  in  British 
Columbia  and  vigra  in  Washington  (7). 
Ripening  fruits  are  highly  attractive  to  birds, 

uch  as  cedar  waxings  (4),  and  ripe  fruits  re- 
tortedly  are  greedily  eaten  by  both  birds  and 
lammals  (3).  Flavor  of  the  fruit  apparently 
.aries  from  sweet  to  bitter  by  locality  (5).  In 

■/estern  Washington,  the  fruit  was  casually 
aten  fresh  by  many  Indian  tribes  and  dried  for 
/inter  use  by  at  least  one  tribe  (5).  Osoberry 
las  minor  use  as  a  cheerful,  early  flushing  orna- 
lental.  By  early  summer,  scattered  leaves 
.iroughout  the  plant  crown  often  turn  yellow, 
iving  the  shrub  a  handsome,  variegated  ap- 
earance  (4).  The  fruit  clusters  are  also  attrac- 
]ve  (color  plate),  but  most  fruits  soon  fall,  thus 
iroviding  only  fleeting  ornamental  value  (4). 
Flowering  and  fruiting. — Osoberry  is  essen- 

lally  dioecious  {8,  9,  12).  Though  sometimes 
ascribed  as  polygamo-dioecious  (1,  6,  11), 
iamens  in  bisexual  flowers  are  rarely,  if  ever, 
:mctional  (1,  7,  S,  9).  Within  its  wide  range, 
"ioberry  flowers  from  January  to  May  concur- 
:!nt  with  leaf  development  (1,  6,  7,  9).  The 
l^e-petaled   flowers   are   white,   fragrant,   and 

Pacific  Northwest  Forest  &  Range  Exp.  Stn. 

borne  in  drooping  recemes  (fig.  1).  Pistillate 
flowers  usually  contain  five  pistils  which  may 

yield  up  to  five  thin-fleshed,  single-seeded  drupes 
about  1  cm.  long  per  flower.  Developing  fruits 
become  peach-colored,  then  reddish,  and  finally 
a  deep  blue-black  under  a  whitish  bloom  when 
ripe.  Fruits  develop  and  ripen  quickly  in  west- 

ern Oregon  and  Washington,  with  dispersal  by 
birds  and  gravity  beginning  in  May  and  ending 
mostly  by  July  (^),  substantially  earlier  than 
the  August  1  to  September  15  collection  time 
listed  for  California  {10).  Good  seed  crops 
probably  occur  at  frequent  intervals. 

Collection,  extraction,  and  storage. — Clusters 
of  ripe  fruit  can  readily  be  stripped  from  the 
shrubs  by  hand.  Small  collections  are  easily 
depulped  by  rubbing  fruits  against  a  submerged 
screen,  or  the  fruits  may  be  run  through  a 
macerator  followed  by  repeated  washings  to 

float  off"  the  loosened  pulp.  Osoberry  seed  has  a 
bony  endocarp  {!)  and  lacks  endosperm  (figs.  2 

Figure  1. — Osmaronia  cerasiformis,  osoberry:  drooping 
raceme  of  white  flowers,  1.0   X. 
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and  3)  (7) .  At  least  cursory  air-drying  is  needed 
to  minimize  molding  in  storage. 

Data  on  seven  samples  indicate  that  about 
25  pounds  of  seed,  cleaned  and  air-dried  for  24 
hours,  can  be  obtained  from  100  pounds  of 
fruit  (i).  Cleaned  seeds  in  12  samples  from 
western  Washington  averaged  4,630  per  pound 
after  they  were  air-dried  for  4  weeks  (4) ;  seeds 
may  be  larger  (1,800  per  pound)  in  southern 
parts  of  the  range  (10).  Seeds  generally  are  full, 
98  to  100  percent  in  four  samples  (J^). 

Pregermination  treatments  and  germination 
tests. — Lengthy  cold  moist  stratification  is 
needed  to  overcome  seed  dormancy  (10,  13).  In 
a  comparison  of  stratification  periods  varying 

from  0  to  180  days  followed  by  21  days  of  alter- 
nating 86°  to  68°  F.  day-night  temperatures, 

60  days  of  stratification  in  peat  moss  at  38°  F. 
barely  triggered  germination;  120  days  were 
needed  for  complete  germination  (table  1). 

Complete  germination  also  occurred  at  38°  F. 
in  160  days  or  less.  Over  90  percent  germination 
is  obtainable  from  good  seed  {10,  13). 

Table  1. — Osmaronia:   effect  of  length  of  cold 
period  on  germination  (13) 

stratification 

period  at 38°  F. 

Germination 
during 

sti'atification 

Subsequent 

germination during  21  days 

at  se^/es"  F. 

Total 

germination 
Days 

Percent Percent Percent 

60 0 1 1 
90 21 

37 

58 120 
80 14 

94 

160 

94 

0 94 

Figure    2. — Osmaronia    cerasiformis,    osoberry :    seeds, 
2   X. 

lOm 

■0 

endocarp 

cotyledons 

hypocotyl 

radicle 

Figure  3. — Osmaronia  cerasiformis,  osoberry:  long'itu- 
dinal  section  through  a  seed  showing  folded  cotyle- 

dons, 8   X. 

Figure  4. — Osmaronia  cerasiformis,  osoberry:  seedling 
development  at  approximately  40  and  120  days  after 

germination. 
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Nursery  practice. — Little  has  been  learned 
about  osoberz-y's  regeneration  characteristics 
since  1920  when  Bailey  (2)  wrote  that  it  may 

be  "propagated  by  seeds,  stratified  or  sown  as 
soon  as  ripe ;  by  division ;  by  suckers  from  the 

roots."  Branch  tips  3  inches  long  have  been 
rooted  in  propagation  frames  with  bottom  heat 
{10). 
Though  fruits  ripen  and  are  disseminated 

naturally  luy  early  summer,  seeds  rarely,  if  ever, 
germinate  within  the  year  of  dispersal  (JA- 
However,  in  the  following  year,  they  may  ger- 

minate as  early  as  mid-February  [If).  Germina- 
tion is  epigeal  (fig.  4).  The  nursery  practices 

described  for  Prnnus,  a  close  relative,  may  be 
suitable.  Stones  of  Pninics  species  also  require 
a  low  temperature  for  germination. 
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Betulaceae — Birch  family 

OSTRYA  VIRGINIANA  (Mill.)  K.  Koch  Eastern  hophornbeam 

by  C.  S.  Schopmeyer  '  and  W.  B.  Leak  - 

Growth  habit,  occurrence,  and  uses. — Of  the 
two  North  American  species  of  Ostrya,  eastern 
hophornbeam  is  the  more  common.  A  synonym 
is  Carpinns  virginiana,  Mill.  Other  common 
names  are  American  hophornbeam,  hophorn- 

beam, hornbeam,  and  ironwood.  It  is  a  small 
deciduous  tree  attaining  a  maximum  height  of 
about  60  feet,  occurring  throughout  the  eastern 

'  Timber  Management  Research,  USDA  Forest  Service 
"  Northeastern  Forest  Exp.  Stn. 

half  of  the  United  States  and  lapping  over  into 
Canada.  Best  development  occurs  in  southern 
Arkansas  and  eastern  Texas  (5).  Small  trees 
often  occur  in  the  understory  on  sites  ranging 
from  deep,  moist  soils  to  dry  and  gravelly  or 
rocky  slopes. 

The  heavy,  hard,  durable  wood  has  been  used 
for  fence  posts,  tool  handles,  and  other  specialty 
items  {2,  5).  The  species  provides  food  and  cover 
for  many  birds  and  some  mammals  (8).  It  was 
first  cultivated  in  1690  and  has  been  planted  as 
an  ornamental  tree  (i). 

Flowering  and  fruiting. — The  flowers  are  mo- 
noecious, the  staminate  in  clusters  of  long  cat- 

kins formed  the  preceding  year,  and  the  pistil- 
late in  small  open  clusters.  Flowers  open  in 

April  and  May  (1).  The  fruit  is  a  strobile  (fig. 
1)  consisting  of  involucres  each  enclosing  a 
single  nut  (fig.  2)  about  ̂   ;^  inch  long  and  %  inch 
in  diameter  or  7x4  mm  (5).  The  first  fruits 
ripen  as  early  as  August  and  ripening  of  ad- 

ditional fruits  may  continue  throughout  the  fall 
season  (8).  Nuts  are  dispersed  after  ripening 
when  the  strobiles  fall  apart.  Trees  do  not  pro- 

duce seeds  abundantly  until  they  are  about  25 
years  old  (8). 

Collection,  extraction,  storage. — The  strobiles 
may  be  hand-picked  from  the  trees  when  they 
are  a  pale  greenish  brown  in  color.  At  this  stage, 
they  are  not  yet  dry  enough  to  fall  apart.  When 

■^^, 

Figure    1. — Ostrya    virginiana,    eastern    hophornbeam: 
strobile  1   X . 

Figure  2. — Ostrya  virginiana,  eastern  hophornbeam: 
left,  longitudinal  section  through  a  seed  and  right, 
intact  seed,  both  6   x. 
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ripe,  they  are  light  gray  to  greenish  brown. 
After  the  fruit  has  been  dried  in  bags  or  trays, 
the  seed  may  be  beaten  or  rubbed  from  the  in- 
colucres  and  separated  from  the  chaff  by  fan- 

ning. One  bushel  of  fruit  will  yield  approxi- 
mately 2  pounds  of  seed,  or  100  pounds  will 

yield  about  20  pounds  of  cleaned  seed.  The  num- 
ber of  seeds  per  pound  in  5  samples  ranged  from 

25,000  to  35,000  with  an  average  of  30,000. 
Purity  of  97  percent  and  soundness  of  80  per- 

cent have  been  attained  (8). 

Pregermination  treatments  and  germination 
tests. — Seeds  hiive  an  internal  type  of  dormancy 
that  is  difficult  to  overcome.  Warm  followed  by 
cold  stratification  was  used  in  one  test.  Seeds 
were  stratified  in  moist  sand  for  the  first  60  days 

at  temperatures  alternating  diurnally  from  86° 
F.  for  8  hours  to  68°  for  16  hours.  During  the 

'IGWIE  3. — Ostrya  virginiana,  eastern  hophornbeam : 
seedling  development  at  2,  4,  23,  and  27  days  after 
germination. 

next  140  days,  seeds  were  chilled  at  40°  F. 
Following  these  pretreatments,  the  sand  flats 
containing  the  seeds  were  transferred  to  tem- 

peratures alternating  from  77°  (8  hrs.)  to  50° (16  hrs)  for  30  to  40  days.  At  the  end  of  these 
periods,  germination  capacities  on  2  lots  of  seed 
were  only  27  and  65  percent  but  potential  ger- 

mination was  85  to  90  percent  (7).  Seeds  of  the 
European  species  0.  carpinifolia  also  require 
cold  stratification  (3).  Germination  is  epigeal 
(fig.  3). 

Nursery  practice. — Either  fall  or  spring  sow- 
ing is  practicable  and  seeds  should  be  covered 

with  14  ii^ch  of  firmed  soil.  Fall  sowing  has  been 
done  in  drills  soon  after  seed  collection.  In  one 
case,  seed  collected  slightly  green  in  August  and 
sown  immediately  germinated  100  percent  the 
following  spring  {6).  Fall-sown  beds  should  be 
covered  with  burlap,  straw,  or  other  suitable 
mulch,  and  uncovered  when  germination  begins. 
Stratified  seed  may  be  sown  in  the  spring  as 
soon  as  the  soil  can  be  worked,  and  the  beds 
should  be  mulched  or  watered  to  keep  them 
moist  until  germination  starts  (5). 
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Ericaceae — Heath  family 

OXYDENDRUM  ARBOREUM  (L.)  DC. 

by  David  F.  Olson,  Jr.,i  and  R.  L.  Barnes 

Sourwood 

Synonym. — Andromeda  arborea  L. 
Other  common  names. — sorrel-tree. 
Growth  habit,  occurrences,  and  uses. — Sour- 

wood  is  a  small  deciduous  tree,  40  to  60  feet  tall 
at  maturity,  which  occurs  throughout  the  east- 

ern United  States  from  Pennsylvania  to  Indi- 
ana, south  to  Louisiana  and  east  to  northern 

Florida  (6).  The  wood  is  little  used  commer- 
cially except  as  fuelwood  and  as  pulpwood  in 

mixture  with  other  hardwood  species.  Deer 
often  browse  the  twigs  for  winter  food,  favoring 
succulent  material  of  sprout  origin  (2).  In  some 
parts  of  the  species  range,  the  flowers  are  an 
important  source  of  honey,  and  sourwood  is  also 
valued  in  many  places  as  an  ornamental  for  both 
flowers  and  colorful  autumn  foliage.  The  species 
was  introduced  into  cultivation  in  1747  (8). 

Flowering  and  fruiting. — Sourwood  flowers 
appear  in  copious  masses  from  late  June  to 
August  (1).  This  tree  is  one  of  the  latest  of 
the  many  small  flowering  trees  and  shrubs  to 
bloom.  Sourwood  flowers  are  white  and  are 
borne  in  long,  one-sided  racemes  clustered  in 
an  open  panicle  terminating  the  branches  of 
the  season  (5). 

The  fruit  is  an  ovoid-pyramidal,  dry,  dehis- 
cent capsule  one-fourth  to  one-half  of  an  inch 

long,  borne  in  profuse,  panicled  clusters  (8,  6). 
The  fruit  ripens  in  September  and  October;  the 
seeds  are  minute,  gray  to  brown  when  ripe 
(fig.  1)  and  are  dispersed  gradually  through 
the  winter  by  dehiscence  of  the  capsules  (8,  5). 

Collection  of  fruits,  extraction,  and  storage  of 
seeds. — ^Collection  of  the  fruits  is  made  from  the 
trees  during  the  fall  and  early  winter;  some 
capsules  containing  seed  can  be  found  as  late 
as  February  or  March  (8).  When  the  capsules 
are  dry,  they  are  beaten  or  rubbed  in  a  bag  to 
open  them  completely.  The  seed  are  then  shaken 
out  and  cleaned  by  screening  or  careful  fanning. 
Commercially,  both  cleaned  seed  and  dried 

capsules  are  ofl'ered  for  sale  by  some  seed 
dealers.  One  lot  of  seed  from  a  Kentucky  source 

showed  33-percent  purity,  with  96-percent 
sound  seed  (7).  This  same  seed  lot,  when 
sampled  for  the  number  of  cleaned  seeds  per 
pound,  gave  a  low  value  of  1,850,000  seeds  per 
pound  and  a  high  value  of  5,500,000  seeds  per 

pound. Germination  tests. — Sourwood  seeds  are  with- 
out inhibiting  dormancy,  and  therefore  germi- 
nate reasonably  well  without  special  dormancy- 

breaking  treatments  (4,  8).  One  test  of  freshly 
collected  seed  made  under  light  on  moist  peat 
gave  13.8-percent  germination  in  33  days  and 
16.2-percent  in  63  days  (7).  A  second  test  of 
seed  that  had  been  stratified  60  days  at  41°  F. 
showed  13.0-percent  germination  in  13  days 
and  13.8-percent  in  60  days  (7).  In  another  lot, 
seed  collected  and  immediately  tested  in  Feb- 

ruary showed  good  germination  (percent  not 
determined)    (5)  ;  the  first  seedlings  appeared 

rZmm 

seedcoat 

endosperm embryo 

'  Southeastern  Forest  Exp.  Stn. 

566 

Figure  1. — Oxydendrum  arboreum,  sourwood:  Exterior 
view  of  seed  (right)  and  longitudinal  section  (left), 30  X. 
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in  11  days.  Tests  may  be  run  in  petri  dishes  or 
similar  glass-covered  receptacles  by  sprinkling 
the  seed  on  moist  pulverized  peat  or  peat  and 
sand  and  covering  them  very  lightly  with  the 
same  material  (S).  Though  not  reported,  it  is 
very  likely  that  moist  filter  paper  in  petri  dishes 
would  also  give  satisfactory  results.  Germina- 

tion is  epigeal  (fig.  2). 
Nursery  practice. — Sourwood  may  be  pi'opa- 

gated  from  seed  by  methods  identical  to  those 
proposed  for  mountain-laurel  and  rhodendron. 

Figure  2. — Oxiidendrum  arhoreum,  sourwood:  seedlings 
at  2,  6,  and  8  days  after  germination. 

All  these  ericaceous  woody  plants  have  very 
small  seeds,  which  can  be  germinated  success- 

fully in  acid  sandy  peat,  sand  mixed  with  pul- 
verized oak  litter,  or  on  live  moss,  in  flats  in 

a  greenhouse  or  coldframe.  As  soon  as  the 
seedlings  are  large  enough  to  handle,  they  are 
lifted  and  replanted  in  boxes  or  pots.  The  fol- 

lowing year  they  may  be  transplanted  to  out- 
door beds  for  a  year  or  more  of  additional 

growth  before  setting  in  permanent  locations 
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Vitaceae — Grape  family 

PARTHENOCISSUS  Planch.  Creeper 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge  ̂  

Growth  habit,  occurrence,  and  use. — About 
10  species  and  many  varieties  of  creepers  are 
native  to  either  eastern  Asia  or  North  America. 
Among  the  three  species  discussed  here  (table 
1),  two  are  adapted  to  climbing;  Virginia 
creeper  may  ascend  to  about  50  feet  above 
ground  and  Japanese  creeper  to  about  60  feet 
(10).  Thicket  creeper  usually  lacks  the  adhesive 
disks  of  the  other  two  species  and,  with  rare 
exceptions,  has  a  low,  rambling  growth  form. 
All  three  species  prefer  soils  which  are  moist 
but  otherwise  they  grow  well  in  a  wide  variety 
of  soil  types.  They  are  at  least  moderately 
tolerant   of   shading,    but   are   most   likely   to 

^  Northeastern  Forest  Exp.  Stn. 

occupy  places  such  as  the  edges  of  clearings, 
fence  rows,  old  walls  and  other  structures,  and 
stream  banks.  Chief  uses  are  as  ornamentals 
or  for  wildlife  habitat.  The  creepers  have  at- 

tractive bluish-black  fruits  and  handsome  foli- 
age which  turns  scarlet,  crimson,  or  orange  in 

the  fall.  They  provide  food  for  more  than  39 
species  of  wildlife  as  well  as  cover  for  many 
small  birds  and  mammals  (5).  The  creepers 
are  also  used  for  erosion  control.  Cultivation 
began  in  1622  for  Virginia  creeper,  before  1800 
for  thicket  creeper,  and  Japanese  creeper  was 
first  imported  about  1862  (9). 

Flowering  and  fruiting. — The  flowers  are 
small,  greenish,  and  are  borne  in  rather  incon- 

spicuous,  long-stemmed  clusters.   Flowers  are 

Table  1. — Parthenocissvs:  nomenclature,  occurrence,  growth  habit,  uses,  and  year  of  first 
cultivation 

Scientific  names 
and  synonyms 

Common 
names Occurrence Growth  habit Uses 

Year  of 

first 

culti- 

vation 

P.  inserta  (Kern.) 
K.  Fritsch. 

P.  dutnetorum  Rehd. 
P.  laciniata  Small 
P.  quinquefolia  Graebn. 
P.  vitaceae  (Knerr.) 

Hitchc. 
Psedera  vitaceae 

(Knerr.)  Greene. 
P.  quinquefolia  (L.) 

Planch. 
Ampelopsis  q.  (L.) 

Michx. 
A.  virginiana  Hort. 
Psedera  q.  (L.)  Greene 
Vitis  hederucea  Ehrh. 
V.  q.  Lam. 

P.  tricuspidata  ( Sieb. 
and  Zucc.)  Planch. 

Anipelopsis  hoggii  Hort. 
A.  japonica  Hort. 
A.  t.  Sieb.  and  Zucc. 
A.  veifchii  robusta 

Hort. 
Vitis  inconstans  Miq. 

thicket  creeper, 
woodbine. 

Virginia  creeper, 
woodbine. 

Japanese  creeper, 
Boston  ivy. 

Quebec  to  Manitoba  and 
Kansas  to  Pennsylvania; 
also  New  Mexico  and 
California. 

Maine  to  Minnesota  and 
Texas  to  Florida;  also  in 
Mexico. 

Japan  and  Central  China. 
Escaped  from  cultivation 
Massachusetts,  Ohio. 

Low,  rambling  vine    H,  E_ 
rarely  climbing. 

pre  1800 

High  climbing  vine 
to  50  feet. H,  E 

1622 

High  climbing  vine 
to  60  feet. 

E 
1862 

'  H:  habitat  or  food  for  wildlife,  E:  environmental  forestry. 
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usually  perfect  (bisexual),  but  some  vines  have 
both  perfect  and  unisexual  flowers.  The  periods 
of  flowering  and  fruiting  are  listed  in  table  2. 

Seed  dispersal  is  largely  eff'ected  by  birds  and 
mammals.  Ripe  berries  (fig.  1)  of  all  three 
species  are  bluish-black  in  color.  Thicket  creeper 
fruits  usually  are  3-4  seeded  and  are  slightly 
larger  than  the  1-3  seeded  fruits  of  the  other 
species  {9).  Seeds  have  small  embryos  (figs. 
2  and  3).  Good  seed  crops  are  borne  frequently. 

^  X 

P.  quinquefolia 
Virginia  creeper 

P.   tricuspldata 

Japenese  creeper 

Figure  2. — Parthenocissun  :  iseeds,  4  X. 

Figure  1. — Farthenocissus  quinqnifolia,  VirRinia  creep- 
er: cluster  of  berries,  1   X. 

Collection,  extraction,  and  storage. — After  the 
fruits  have  turned  color  to  bluish-black,  they 
ican  be  hand-stripped  from  the  vines.  Leaves 
^nd  other  debris  mixed  with  the  fruits  can  be 

b:'emoved  by  screening  or  fanning.  Seeds  can 
|be  extracted  by  running  the  fruits,  with  water, 
through  a  macerator  or  a  hammer  mill  and 

{floating  off"  the  pulp  and  empty  seeds.  Extrac- 
tion should  be  done  carefully  because  the  seed- 

'Coats  are  often  soft  and  easily  injured  (12). 
An  extraction  method  developed  for  the  soft 
^eeds  of  Vitis  may  be  satisfactory  for  Partheno- 

'i^issus.  In  this  method,  (li)  the  berries  are 
placed  in  bags  made  of  14-mesh  screen  and  a 
olid  stream  of  water  at  a  pressure  of  400 
)ounds  per  square  inch  is  directed   onto  the 

5mm 

Figure  'A. — PartheuocissHS  iuserta,  thicket  creeper:  lon- 
gitudinal section  throug'h  the  embryo  of  a  seed,  10  X. 

berries.  Most  of  the  pulp  and  skins  are  washed 
through  the  screen.  The  remaining  fragments 

are  floated  ofl"  in  a  pail  of  water  and  the  seeds 
are  recovered  from  the  bottom  of  the  pail.  After 
cleaning,  the  seeds  should  be  thoroughly  dried 
before  storage.  Soundness  of  cleaned  seed  has 
ranged  from  44  to  99  percent  (11).  If  seed 
cleaning  is  not  convenient,  the  whole  berries 
can  be  dried  and  stored.  Cleaned  and  dried  seed 
has  been  stored  at  room  temperatures  (.3,  5, 11), 
but  we  found  no  information  on  duration  of 
viability.  Seeds  of  another  species  (Vitis 
riparia)  in  the  same  family  showed  no  germi- 

nation loss  after  storage  for  over  2  years  in 

sealed  containers  at  41"  F.   (12). 

Table  2. — ParthenociHsus:  phoiologn  of  flotcering  and  fruiting 

Species 
Flowering 

dates 

Fruit  ripening 
dates 

Fruit  drop Data 

source 

.inserta._              .June-July           July-Aug. 

.  quiyiquefolia        June-Aug       Aug.-Oct. 

.  tricuspidata     __   June-July  Sept.-Oct. 

Aug.-Nov.        __  _      __      Jf,12 

Sept.-Feb.          J,, 9, 13 
            9 
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Table  3. — Parthenocissus:  seeds  per  poimd  and  other  yield  data 

Species 

Seed  yield  per 
100  pounds 

of  fruit 

Cleaned  seeds  per  pound Data 

Range 
Average 

Samples source 

P.  inserta   

P.  quinquefolia   

Pouyids 

           16-27 

Number 

14,100-23,300 
9,800-26,200 

Number 

18,800 

15,600 

Number 
3 
7 

12 

11,12 

Information  about  seed  yields  is  scanty  (table 
3).  We  found  no  such  data  on  Japanese  creeper 
but  yields  are  probably  about  the  same  as 
those  for  Virginia  creeper. 

Germination. — Natural  germination  takes 
place  during  the  first,  or  perhaps  the  second 
(5),  spring  following  dispersal  and  is  epigeal 
(fig.  4).  Germination  can  be  improved  by  treat- 

ment to  break  internal  dormancy.  Stratification 

in  moist  sand  or  peat  at  about  41^  F.  for  about 
60  days  has  been  recommended  {12).  Outdoor 
stratification  in  winter,  during  which  the  seeds 
became  frozen,  also  increased  germinative  ca- 

pacity {1,  8).  Tests  can  be  made  in  sand  flats 

at  temperatures  alternating  diurnally  from  68° 
to  86°  F.  for  30  days  if  seeds  have  been  strati- 

fied, or  for  150+  if  untreated  {12).  We  found 
few  exactly  comparable  test  results  but  the  ev- 

idence suggests  that  the  following  results  can 
be  expected  for  all  three  species:  for  stratified 

Figure  4. — Parthenocissus  quivquefolia,  Virginia  creep- 
er: seedling  development  at  1,  3,  and  22  days  after 

germination. 

seed,  germinative  energy  peaks  at  about  15  days 
and  germinative  capacity  percentages  average 
about  70-80  (range  41-94)  after  30  days.  For 
untreated  seed,  germinative  capacities  were  less 
than  5  percent  in  four  tests,  but  one  test  yielded 
45  percent  germination  after  595  days  {1,  8, 
12).  The  excised  embryo  method  has  also  been 
used  to  test  germinative  capacity  {6,  7). 

Nursery  practice. — Seeds  may  be  sown  un- 
treated in  the  fall  or,  preferably,  in  the  spring 

after  stratification.  They  should  be  sown  in 
drills,  and  covered  with  about  %  inch  of  soil 
or  soil  and  mulch  (5).  For  Virginia  creeper, 
one  authority  recommended  sowing  stratified 
seed  at  the  rate  of  eight  ounces  per  100  square 
feet  of  soil.  Optimum  planting  density  was  10 
plants  per  square  foot  (-9).  However,  the  proper 
seeding  rate  should  be  determined  from  esti- 

mates of  the  several  factors  involved.  Expected 
numbers  of  usable  Virginia  creeper  plants  per 
pound  of  seed  have  been  reported  as  3200,  3500 
and  6900  {3,  11).  Size  when  ready  for  out- 
planting  as  either  2-0  or  1-0  stock  should  be 

about  6  inches  top  height  by  ■'^i  ,.,-inch  stem 
diameter,  measured  i/_>  inch  above  the  root 
collar  {3).  The  creepers  can  also  be  propagated 
from  hardwood  cuttings,  layerings,  or,  for 
Japanese  creeper  at  least,  greenwood  cuttings 

{2). Literature  and  Other  Data 
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Bignoniaceae — Trumpet  creeper  family 

PAULOWNIA  TOMENTOSA  (Thunb.)  Siev.  &  Zucc. 
Royal  paulownia 

by  F.  T.  Bonner  ̂   and  James  D.  Burton  ̂  

Other   common   names. — empress-tree,   prin- 
cess-tree, paulownia. 

Growth    habit,   occurrence,   and    use. — Royal 
paulowina  is  a  common  sight  along  roadsides 
and  near  old  house  sites  in  the  East  and  South. 
A  native  of  China,  it  has  been  planted  for  its 
ornamental  value  from  New  York  south  and 
west  to  southern  Texas    {A).   It  has   escaped 

'  Southern  Forest  Exp.  Stn. 

Figure    1. — Paulownia    tomentosa,    royal    paulownia: 
capsule,  1  X. 

from  cultivation  in  many  localities.  This  de- 
ciduous tree  reaches  heights  of  30  to  70  feet 

at  maturity.  Its  rapid  early  growth  has  at- 
tracted the  interest  of  the  paper  industry,  and 

pulping  trials  have  been  carried  out. 

Flowering  and  fruiting. — The  showy,  violet 
or  blue,  perfect  flowers  appear  in  terminal 
panicles  up  to  10  inches  long  in  April  to  May 
before  the  leaves  emerge.  The  fruits  are  ovoid, 
pointed,  woody  capsules  about  iVi  to  1%  inches 
long  (fig.  1).  They  turn  brown  in  the  fall  when 
mature  and  persist  on  the  tree  through  the 
winter  (4).  The  tiny,  winged,  flat  seeds  are 
about  ̂ in  to  i/a  inch  long  (figs.  2  and  3). 

Collection  of  seed. — The  dry  fruits  can  be 
collected  and  opened  by  hand  anytime  before 
they  disperse  their  seeds.  Two  samples  from 

-1.5nnm 

^0 

Figure    2. — Paidoivnia    tomeyitosa,    royal    paulownia: 
winged  seed,  12  X . 

Figure    3. — Paulownia    tomentosa,    royal    paulownia: 
longitudinal  section  through  a  seed,  50  X . 
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fruits  collected  in  southeast  Arkansas  yielded 
the  following  data  (1)  : 

Fruits  per  bushel   number  3,100 
Seeds  per  fruit        do    2,033 
Seed  per  bushel  of  fruit              pounds  2.2 
Seeds  per  pound                              __      _  millions  2.82 
Moisture  content         percent  of  fresh  weight  7 

Germination  tests. — The  seeds  exhibit  no  dor- 
mancy, but  light  is  necessary  for  germination 

(2,  3).  Fresh  seed  from  the  aforementioned 
Arkansas  collection  had  a  germinative  capacity 
of  90  percent  in  19  days  (4  samples)  when 
tested  on  moist  Kimpak  with  alternating  tem- 

peratures of  68  and  86'  F.  Eight  hours  of 
light  were  supplied  during  the  86  F.  cycle. 
Germinative  energy  was  86  percent  in  9  days 
{1). 
Nursery  practice.- — Nursery  experience  is 

lacking  on  this  species.  But  surface  sowing  on 

very  moist  and  shaded  nursery  beds,  as  is  some- 
times practiced  with  Popnhis.  would  probably 

succeed. 
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PENSTEMON 

Scrophulariaceae — Figwort  family 

PENSTEMON  Mitch.  Penstemon 

by  Lynn  O.  Hylton,  Jr.^ 

Growth    habit,    occurrence,    and    use. — The 
penstemons  consist  of  about  230  species,  mostly 
in  western  North  America.  One  species  grows 
in  eastern  Asia  (5).  The  species  occupy  habitats 
all  the  way  from  sea  level,  to  plains  and  upward 
into  alpine  regions.  They  are  herbaceous  or  suf- 
frutescent  perennial  plants,  usually  erect  and 
tufted,  but  occasionally  low  and  creeping.  The 
leaves  are  opposite,  entire,  or  toothed,  with  the 
upper  ones  sessile  and  often  clasping.  Included 
in  the  genus  are  a  number  of  our  most  spec- 

tacular wild  flowers.  Their  seeds  provide  food 
for  birds  and  small  animals.  The  four  California 
species  listed  in  table  1  are  low  shrubs  that  have 
been  planted  for  ornamental  purposes  because 
of  their  colorful,  showy  flowers  (1,2,6). 

Flowering  and  fruiting. — The  fruit  is  an  ovoid 
or  oblong,  2-celled  capsule  dehiscing  along  the 
septae  (3),  with  numerous  seeds  that  have 
irregularly  angled  cellular  coats  (figs.  1  and  2). 
Flowering  and  fruiting  usually  begin  1  year 
after  planting  (1).  Seed  of  P.  heterophyllus  be- 

comes ripe  in  California  between  July  1  and 
September   15    (^).   Seeds  of  the   other  three 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

species  are  ripe  soon  after  their  respective 
flowering  dates  (table  1).  Seed  dispersal  is 
largely  by  wind  and  birds. 

Collection,  extraction,  and  storage. — The  best 
time  to  collect  seeds  should  be  determined  by 
frequent  examination  of  the  plants.  The  cap- 

sules should  be  gathered  and  placed  in  a  dry  con- 
tainer after  the  seeds  have  ripened  in  the  field. 

The  capsules  should  be  permitted  to  dry 
thoroughly  until  they  open.  Seeds  can  be  re- 

moved from  the  open  capsules  and  cleaned  by 
passing  them  through  a  series  of  screens  with 
different  size  mesh.  Completely  clean  seed  (the 
chaff  separated  from  the  seed)  may  not  be 
important,  particularly  when  large  numbers  of 
seeds  are  collected  for  direct  sowing  and  exact 
quantities  need  not  be  known.  Data  on  number 
of  cleaned  seeds  per  pound  and  data  for  com- 

puting yields  of  seeds  are  not  available  except 
for  P.  heterophyllus,  which  averaged  about 
1,000,000  cleaned  seeds  per  pound  (4).  Seeds 
may  be  stored  for  many  years  in  sacks  or  plastic 
containers  in  a  well-ventilated  storage  room 
with  ordinary  room  temperature  and  humidity. 
If  seeds  are  to  be  kept  viable  indefinitely  the 
wisest  course,  until  data  are  available  for  these 

Table  1. — Penstemon :  nomenclature,  occurrence,  and  flowering  dates 

Scientific  names 
and  synonyms 

Common 
names Occurrence 

Flowering 

dates 
Data 
source 

P.  cordifolius  Benth. 

P.  coryinbosus  Benth. 
P.  intonsus  Heller. 
P.  corymbosus  var. 

piibemlentus  Jeps. 
P.  heterophyllus  Lindl. 

P.  leucanthus  Greene. 

P.  lemmonii  Gray   

vine  penstemon, 
straggly  penstemon, 
climbing  penstemon, 
heart-leaf  penstemon, 
honeysuckle  penstemon. 

thymeleaf  penstemon, 
red  penstemon. 

chaparral  penstemon, 
foothill  blue 

penstemon. 
Lemmons  penstemon, 
Lemmon  beard- 
tongue. 

Coast  Range  of  southern 
California  and  offshore 
islands. 

Coast  Range  of  southern 
California. 

Coast  Range  and  Sierra 
Nevada  of  northern 
California. 

May-July 

Rocky  slopes  and  cliffs  of  June-October 
the  California  Coast  Ranges. 

April-July. 

June-August 

A,  5 
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species,  is  to  store  dry  seed  in  airtight  con- 
tainers and  at  temperatures  between  32°  and 

40°  F.  when  seeds  are  being  put  in  these  con- 
tainers the  relative  humidity  of  the  room  should 

not  be  more  than  30  percent  (i^). 
Nursery  and  field  practice. — Penstevions  can 

be  raised  early  from  seed  without  a  presowing 
treatment  and  most  of  them  can  be  increased  by 
cuttings  {1,  2,  Jt).  Seeds  should  be  planted  in 
late  fall  or  early  winter.  Good  results  have  been 
obtained  by  sowing  the  seed  \{;  to  y^  inch  deep 
in  vermiculite  or  a  high-quality  chopped 
sphagnum  moss  with  good  loam  soil  underneath. 
Germination  capacity  averaged  34  percent  for 
untreated  seed  of  P.  heterophyllus  (^).  Out- 
planting  may  be  done  after  the  seedlings  are 
well  established. 

If  large  quantities  of  seed  are  available, 
broadcast  seeding  may  be  done  in  the  field.  A 
sandy  loam  soil  with  good  drainage  is  preferred. 
After  the  seeds  are  broadcast  over  the  area, 
they  should  be  covered  with  a  thin  layer  of  soil. 
Too  much  water,  however,  or  frequent  rains 
may  result  in  crown  or  root  rot.   Do  not  use 

P.  corymbosus 
thymeleaf  penstemon 

P.  cordifolius 
vine  penstemon 

P.  heterophyllus 
chaparral  penstemon 

Figure  1. — Penstemon:  seeds,  12  X. 

heavy  clay  soil  for  a  planting  medium.  Germina- 
tion will  usually  occur  within  10  to  20  days  {2, 6). 

I.Smnn 

Figure    2. — Penstemon    heterophyllus,    chaparral    pen- 
stemon: longitudinal  section  through  a  seed,  50  X- 
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Rosaceae — Rose  family 

PERAPHYLLUM  RAMOSISSIMUM  Nutt. 

by  Justin  G.  Smith  ̂  

Squawapple 

Growth  habit  and  occurrence. — Squawapple, 
the  only  representative  of  its  genus,  is  an  intri- 

cately and  rigidly  branched,  dark  grayish- 
barked  deciduous  shrub  IV2  to  6^/2  feet  tall  with 
simple,  minutely  stipulate  leaves  fascicled  at  the 
ends  of  short  spurs.  Its  principal  habitat  in- 

cludes sagebrush  desert,  juniper,  and  lower 
fringes  of  ponderosa  pine  types  from  Grant  and 
Baker  Counties  in  northcentral  Oregon,  south 
to  northeastern  California,  and  east  through 
southern  Idaho  to  Utah  and  Colorado  (2). 
Davton  (1)  reports  an  altitudinal  distribution 
of  3,000  feet  in  Oregon  to  8,500  to  9,000  feet 
towards  the  southern  limits  of  its  growth.  It 
occurs  mainly  on  dry  foothill  and  mountain 
slopes,  especially  in  well-drained  soils. 

Uses. — There  is  considerable  diversity  of  opin- 
ion regarding  its  forage  value.  In  western  Colo- 

rado, it  is  usually  considered  poor  to  fair;  in 
central  Utah,  it  is  said  to  be  almost  worthless ; 
in  eastern  Oregon,  it  is  commonly  considered 
fair  to  moderately  good  sheep  and  cattle  browse 
in  the  spring;  in  southwestern  Utah,  it  has  been 
ranked  as  a  valuable  browse ;  in  northeastern 
California  where  it  is  often  abundant,  it  has 
been  termed  good  sheep  browse  (1).  In  Baker 
County,  Oreg.,  deer  use  it  lightly  during  the 
winter ;  and  on  ranges  that  are  grazed  by  cattle 
during  late  winter  and  very  early  spring,  in- 

dividual plants  are  severely  hedged  (i). 

Flowering  and  fruiting. — The  perfect  flowers 
with  their  pinkish,  spreading  petals  appear  in 
May  and  June.  The  fruit  is  a  pome  about  8-10 
millimeters  long  containing  several  seeds  (fig. 
1).  The  fruit  turns  yellowish  to  reddish  brown 
as  it  ripens  in  late  June  and  July  (2).  At  the 
3,500-foot  elevation  in  northeastern  Oregon, 
much  of  the  fruit  has  either  dropped  or  been 
partially  eaten  by  birds  by  the  middle  of  August 
(4). 

Collection,  extraction,  and  storage. — The  ripe 
fruits  may  be  picked  from  the  shrubs  and 
mashed  in  water  and  the  pulp  floated  oflf;  if 
necessary,    remaining   debris   can   be   removed 

readily  by  a  fanning  mill  after  the  seed  is  dry 
(fig.  2).  Seed  stored  in  a  dry,  cool,  ventilated 
metal  container  will  remain  viable  up  to  5  years 
(.?).  One  hundred  pounds  of  fruit  yields  from 
6.5  to  10.3  pounds  of  pure  seed ;  the  number  of 
pure  seed  per  pound  range  from  25,900  to  44,600 
(two  samples)  (4)  with  a  high  of  50,290  (5). 
Full  seed  (nine  samples  from  a  single  lot) 
averaged  68  percent  (5). 

Germination. — -Tests  at  the  Eastern  Tree  Seed 

Laboratory  (.'7)  indicated  that  stratification  in 
a  plastic  bag  for  approximately  45  days  at  38° 
F.  will  yield  maximum  germination  with  a  mini- 

mum of  germination  occurring  during  stratifi- 

Figure    1. — Peraphyllum    ramosissimum,    squawapple: seed,  4  X. 

5mm, 

Pacific  Northwest  Forest  &  Range  Exp.  Stn. 
Figure    2. — PcraphyUum    ramocissiinum,    squawapple: 

longitudinal  sections  through  a  seed,  8  X. 
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cation.  When  tested  at  86°  F.  with  light  for  8 
hours  daily  and  16  hours  at  68°  F.,  germinative 
capacity  of  untreated  seed  averaged  9  percent ; 
of  seed  stratified  30  days,  9  percent;  60  days, 
12  percent;  90  days,  2  percent.  A  number  of 
seeds  germinated  during  stratification  in  the 
60-  and  90-day  tests.  When  these  seeds  are  in- 

cluded in  the  calculation  of  germination,  the 
60-day  stratification  showed  16  percent  and  the 
90-day  stratification,  51  percent.  Germination  is 
epigeal  (fig.  3).  No  information  regarding 
nursery  practice  is  available.  In  the  greenhouse, 
seedlings  emerge  in  6  to  12  days  from  seed 

planted  about  '■'■{ ,;  inch  deep  and  covered  with  a thin  layer  of  fine  sand.  Seedling  establishment 
was  rated  fair  and  persistence  very  well   {3). 
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Figure  3. — PeraphyUum  ramosissimicm,  squawapple: 
seedling  development  at  2  and  9  days  after  germina- tion. 
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Rutaceae — Rue  family 

PHELLODENDRON  AMU  REN  SE  Rupr. 

by  Ralph  A.  Read  ̂  

Amur  corktree 

Growth  habit,  occurrence,  and  use. — Amur 
corktree  is  native  to  northern  China,  Manchuria, 

Korea,  and  Japan.  This  small  to  medium  decidu- 
ous tree — 25  to  50  feet  tall — has  been  cultivated 

in  the  Far  East  and  eastern  Europe.  Introduced 
into  the  United  States  about  1865,  its  thick, 
corky  bark  and  massive,  irregular  branches 
have  made  this  tree  of  special  interest  for  land- 

scape and  environmental  plantings  in  the  north- 
ern and  western  United  States  {3,  If,  6,  0).  It  is 

a  promising  source  of  industrial  cork  in  Japan 
(12),  important  as  a  nectar-bearing  species  in 
bee-keeping  areas  of  the  Soviet  far  east  (11), 
of  possible  importance  for  the  insecticidal 
properties  of  the  fruit  oils  (15),  and  considered 
as  a  soil  builder  when  mixed  with  Scots  pine  in 
Byelorussia  (8). 

Flowering  and  fruiting. — Flowers  are  dioe- 
cious, small,  yellowish-green,  in  large  clusters  of 

terminal  panicles  that  appear  in  May  and  June 
(7,  H,  15).  Fruits  are  subglobose  drupes  about 
%  inch  (1  cm.)  in  diameter  (fig.  1),  green  to 
yellowish  green,   turning  black  when   ripe  in 

September  and  October  (13).  They  remain  on 
the  terminal  panicles  long  after  the  leaves  have 
dropped.  Fruits,  which  are  borne  singly  on  short 
stalks  (fig.  1),  are  very  oily  and  aromatic.  Each 
fruit  usually  contains  2  or  3  full-sized  seeds  and 
3  or  4  aborted  seeds  (13).  Minimum  seed- 
bearing  age  is  7  to  13  years  (1,  10,  13),  but  no 
data  are  available  on  the  frequency  of  seed 
crops.  Seeds  are  brown  to  black,  5  mm.  long, 
2  mm.  wide,  and  about  1  mm.  thick  (figs.  2  and 
3)  ;  they  have  a  moderately  hard,  stony  coat 
(13). 

Collection,  extraction,  and  storage. — The  ter- 
minal panicles  of  fruit  may  be  harvested  with 

Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

Figure   2. — Phellodendron   amurense,    Amur   corktree: 
seed,  4  X. 

endospe 

cotyledons 

//  hypocotyl 
radicle 

Figure    \.— Phellodendron    amurense,    Amur    corktree: 
fruit  cluster,  1  X. 

Figure   3. — Phellodendron    amurense,    Amur    corktree: 
longitudinal  section  through  2  planes  of  a  seed,  8  X. 
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pruning  shears  in  late  September  through 
October.  After  that,  although  many  fruits  re- 

main tightly  on  the  tree,  some  will  have  fallen. 
Fruits  should  be  spread  out  in  shallow  layers  to 
prevent  heating  and  mildew  during  air  drying. 
Fruits  may  be  soaked  in  water  and  seeds 
squeezed  from  the  fleshy  matter  by  hand ;  large 
lots  can  be  run  through  a  macerator.  Fresh  fruit 
weighs  about  44  pounds  per  bushel,  and  yields 
about  2  pounds  of  cleaned  seed  (13).  Cleaned 
seed  per  pound  range  from  26,800  to  36,363 
(two  samples)  (i  J,  i^)  and  44,000  to  48,000  (5). 

Germination. — Samples  of  fresh  seed  have 
germinated  without  pretreatment,  but  a  moist 
prechill  treatment  for  30  days  insures  maximum 
germination  of  all  viable  seed  (5).  One  cutting 
test  showed  98  percent  sound  seed  (16). 

Nursery  practice. — In  the  nursery,  untreated 
seeds  may  be  sown  in  the  fall  (5),  or  stratified 
through  winter  for  spring  seeding  (17).  Trees 
may  also  be  propagated  vegetatively  (2,  p. 
2577-2578). 
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Hydrangeaceae — Hydrangea  family 

PHILADELPHUS  LEWISH  Pursh. 

by  Peter  F.  Stickney  ̂  

Lewis  mockorange 

Synonyms. — Philadelphtis  gordonianus  Lindl., 
Philadelphus  columbianus  Koehne. 

Other  common  names. — mockorange,  Indian 
arrowwood,  syringa,  western  syringa. 

Growth  habit,  occurrence,  and  use. — The  na- 
tural range  of  Lewis  mockorange  is  from  Brit- 

ish Columbia  and  southwest  Alberta  southward 
to  western  Montana,  southern  Idaho,  and  north- 

ern California  (3).  It  is  a  deciduous  shrub, 
from  3  to  10  feet  tall,  that  bears  showy  white, 
fragrant  blossoms.  For  this  reason,  it  was  in- 

troduced into  cultivation  either  in  1823  or  1884 
(5),  but  P.  coronarius,  a  European  species,  is 
more  commonly  grown  in  the  Northwest  for 
ornamental  purposes  (3).  While  of  minor  im- 

portance as  a  forage  plant,  mockorange  can 
provide  valuable  browse  for  deer  and  elk  (8) 
and  its  seed  is  eaten  by  quail  and  squirrels  (9). 
The  species  is  extremely  variable  in  both  veg- 

etative and  floral  characteristics  and  appears 

'  Intermountain  Forest  &  Range  Exp.  Stn. 

£  X 

IZ  X 

Figure  1. — Philadelphus  leivisii,  Lewis  mockorange:  side 
and  top  views  of  capsules,  2  X  (above),  and  seed,  12 
X    (below). 

to  be  particularly  responsive  to  local  site  con- ditions (3). 

Flowering  and  fruiting. — Flowering  occurs 
within  a  period  from  May  through  July  (i,  3, 
6).  The  fruit  is  a  capsule,  6-10  mm.  long  (fig. 
1),  which  matures  in  late  summer,  and  seeds 
are  dispersed  in  September  or  October  (^,  6). 

Seed  yields. — Seeds  (fig.  2)  can  be  extracted 
by  gently  crushing  the  dried  capsules  and  then 
passing  them  through  a  Bates  aspirator   {2). 

r2mm. 

endosperm- 

seedcoat  - 

cotyledons 

■hypocotyl 

radicle  — 

r\ 

.funiculus 

-caruncle LO 

Figure    2. — Philadelphus    leivisii,    Lewis    mockorange: 
longitudinal  section  through  a  seed,  50  X . 
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Three  independent  estimates  of  the  number  of 
seed  per  pound  of  cleaned  seed  gave  3,500,000 
(7),  5,000,000  {2),  and  8,000,000  (4).  Sound- 

ness of  the  seed  at  one  of  the  locations  averaged 
90  percent  {2). 

Germination. — Seeds  that  had  been  stratified 
for  8  weeks  in  coarse  sand  at  41  F.  and  sub- 

sequently placed  in  a  coarse  sand  medium  at 

72°  to  79°  F.  showed  germinative  capacities 
of  64  percent  (2)  and  52  percent  {■l^).  Unstrati- 
fied  seed  lots  gave  no  germination  and  those 
stratified  for  less  than  8  weeks  gave  only  2  to 
10  percent  germination.  Also,  seed  that  was 
fully  exposed  to  light  or  that  was  kept  in  com- 

plete darkness  showed  uniformly  low  germina- 
tion results. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Drew,  Larry  A. 
1967.  Comparative  phenology  of  serai  .shrub 

communities  in  the  cedar /hemlock  zone  MS 

thesis,  108  p.  Univ.  Idaho  Coll.  For.  (Un- 
published.) 

(2)  Glazebrook,  Thomas  B. 
1941.    Overcoming  delayed   germination   in   the 

seed  of  plants  valuable  for  erosion  control 
and  wildlife  utilization.  MS  thesis,  97  p. 
Univ.   Idaho  Coll.   For.    (Unpublished.) 

(3)  Hitchcock,    C.    Leo;    Cronquist,    Arthur;    Ownbey, 
Marion;  and  Thompson,  J.  W. 

19G1.  Vascular  plants  of  the  Pacific  Northwest. 
Part  3:  Saxifragaceae  to  Ericaceae.  613  p. 
Univ.   Wash.   Press,   Seattle,   Wash. 

(4)  Mirov,  N.  T.,  and  Kraebel,  Charles  J. 
1939.  Collecting  and  handling  seed  of  wild 

plants.  Civilian  Conserv.  Corps  For.  Publ. .S,  42  p. 

(5)  Rehder,  Alfred. 
1940.  Manual  of  cultivated  trees  and  shrubs. 

Ed.  2,  996  p.  The  Macmillan  Co.,  New  York. 
((■))    Stiekney,  Peter  F. 

Observation  recorded  1969.  USDA  Forest 
Serv.,  Intermt.  Forest  and  Range  Exp.  Stn., 
Missoula,  Mont. 

(7)  Swingle,  Charles  F.   (compiler). 
1939.  Seed  propagation  of  trees,  shrubs,  and 

forbs  for  conservation  planting.  SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., 
B.C. 

(8)  USDA  Forest  Service. 
1937.  Range  plant  handbook.  (512  p.)  Wash- 

ington, D.C. 
(9)  Van  Dersal,  William  R. 

1938.  Native  woody  plants  of  the  United 
States;  their  erosion-control  and  wildlife 
values.  U.S.  Dep.  Agric  Misc.  Publ.  303,  362 

P- 

581 



PHOTINIA 

Rosaceae — Rose  family 

PHOTINIA  ARBUTIFOLIA  Lindl. 

by  Arthur  W.  Magill  ̂  

Ghristmasberry 

Synonyms. — Crataegus  arhutifolia  Ait.,  He- 
teromeles  arbiitifolia  (Lindl)  M.  J.  Roem.,  Pho- 
tinia  salicifolia  Presl,  Heteromeles  salicifolia 
(Presl)  Abrams,  Heteromeles  arhutifolia  var. 
cerina  Jeps.,  Heteromeles  arhutifolia  var.  7nac- 
rocarpa  (Munz)  Munz,  Photinia  arbiitifolia  var. 
macrocarpa  Munz. 

Other  common  names. — toyon,  California- 
holly,  tollon. 

Growth  habit,  occurrence,  and  use. — Ghrist- 
masberry groves  below  4,000  feet  elevation  on 

the  foothill  slopes  and  canyon  bottoms  of  the 
Sierra  Nevada,  Coast,  and  Transverse  Ranges 
in  California.  It  is  also  found  on  San  Clemente 
and  Santa  Catalina  Islands,  in  the  Rocky 
Mountains,  and  in  Baja  California  and  other 
parts  of  Mexico  (5,  7).  Christmasberry  is  an 
evergreen  shrub  or  small  tree  which  grows  6 
to  30  feet  tall  (7).  It  is  useful  for  erosion  con- 

trol, is  a  source  of  honey,  and  its  foliage  and 
berries  are  consumed  by  wildlife  {9).  The  at- 

tractive foliage  and  berries  are  cultivated  and 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

harvested  for  their  decorative  value  (9). 
Christmasberry  is  widely  used  as  an  ornamental 
for  park,  freeway,  and  home  landscaping. 

Flowering  and  fruiting. — Christmasberry  pro- 
duces perfect  flowers  from  June  through  July, 

and  the  fruit  ripens  from  October  through 
January  (5,  6).  Good  seed  crops  are  produced 
annually  {9).  The  fruits  are  pomes  about  14 
inch  (6  mm.)  long,  containing  one  or  two  seeds. 
The  variety  cerina  has  larger  pomes  ranging 
from  i/g-  to  1/2-inch  (9  to  12  mm.)  long  (5). 
Seeds  have  no  endosperm  (figs.  1  and  2).  The 
green  pomes  turn  bright  red  when  ripe,  except 
the  variety  cerina  which  turns  yellow  (7). 
Plants  have  been  more  difficult  to  grow  from 
seed  of  the  yellow  fruit,  the  color  was  only 
rarely  retained  (3),  and  it  is  thought  to  indi- 

cate a  pathological  condition  (5). 

3  mm 

LQ 

seedcoat 

cotyledons 

hypocotyl 

radicle 

Figure    1. — Photinia   arhutifolia,    Christmasberry:    ex- 
terior views  of  seed  from  two  planes,  16  X. 

Figure  2. — Photinia  arhutifolia,  Christmasberry:  longi- 
tudinal section  through  a  seed,  25  X- 
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Collection,  extraction,  and  storage. — Hand 
snips  are  needed  to  clip  the  pomes  in  fall  {6). 
They  should  then  be  soaked  in  water  and  al- 

lowed to  ferment  in  a  warm  place  until  the  seed 
can  be  separated  from  the  mash  {6,  9).  Soaking 
must  be  of  short  duration  or  the  seeds  may  be 
damaged  {6,  9).  Seeds  can  be  separated  by 
hand  or  large  lots  may  be  run  through  a  mac- 
erator  after  which  they  are  allowed  to  dry  {9). 
Cleaned  seed  averaged  24,000  per  pound  {6). 
Extracted  seed  may  be  stored  in  airtight  con- 

tainers at  low  temperatures  {9). 
Germination.- -Christmasberry  will  germi- 

nate under  natural  conditions  in  about  36  days, 
although  40  days  were  required  for  seeds 
planted  in  a  greenhouse  (S).  Germination  is 
epigeal  (4,  9)  (fig.  3).  Fresh  seed  do  not  require 
stratification,  but  stored  seed  should  be  strati- 

fied in  peat  moss  for  3  months  at  35°  to  41°  F. 
{1,  2,  U,  6).  Seed  germination  has  been  done  in 
sand  or  soil  flats  (9).  In  a  greenhouse,  germina- 

tion commenced  about  10  days  after  sowing  and 
the  germination  capacity  of  one  sample  was  73 
percent  (6).  In  a  nursery  bed,  untreated  seed 
may  be  sown  in  fall  or  stratified  seed  used  in 
spring.  Propagation  by  grafting  and  cuttings  is 
also  practiced  (^). 
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Rosaceae — Rose  family 

PHYSOCARPUS  Maxim.  Ninebark 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge  ̂  

Growth  habit,  occurrence,  and  use. — Among 
the  many  species  of  Physocarpus  native  to 
North  America  {16)  and  one  introduced  species, 
only  two  native  species  are  discussed  here  (table 
1).  Both  are  medium-size,  deciduous  shrubs 
with  shreddy  bark  which  peels  off  in  thin  strips. 
Mallow  ninebark  is  most  common  on  rocky 
slopes  in  the  Douglas-fir  zone  of  the  Rocky 
Mountains,  and  grows  2  to  7  feet  tall  (7).  Com- 

mon ninebark  is  an  "edge"  species,  particularly 
on  rocky  stream  banks  and  shores,  and  is  as- 

sociated with  many  forest  types  in  the  North- 
east and  adjacent  States  and  provinces.  Com- 
mon ninebark,  at  3  to  10  feet  in  height  H), 

grows  slightly  taller  than  the  western  species. 
The  ninebarks  generaly  do  best  in  full  sunlight 
or  thin  shade  and  on  soils  which  are  nearly 
neutral.  Most  species  are  relatively  free  from 
insects  and  diseases  and  may  be  much  easier 
to  propagate  from  cuttings  than  from  seeds 
{8,  16).  Uses  are  primarily  as  ornamentals  or 
for  erosion  control  {2,  7).  The  dates  of  earliest 
cultivation  in  the  United  States  were  1687  for 

'  Northeastern  Forest  Exp.  Stn. 

common  ninebark  and  1896  for  mallow  nine- bark (5). 

Flowering  and  fruiting. — Flowers  of  both  spe- 
cies are  bisexual,  white  (or  pink  to  purplish  in 

common  ninebark),  about  %  inch  across,  and 
are  borne  in  flat-topped  clusters.  Flowering 
dates  vary  within  May  to  July  and  fruit  ripen- 

ing occurs  between  late  August  and  early 
October  (table  2).  The  fruit  is  an  inflated 
follicle  resembling  a  bellows;  the  genus  was 

named  from  the  Greek  word  "physa" — a  pair of  bellows.  In  mallow  ninebark  the  follicles 
usually  are  in  pairs  and  are  pubescent.  Common 
ninebark  follicles  usually  are  in  threes  and  are 
smooth-surfaced.  Ripe  follicles  commonly  have 
2-5  yellowish,  shiny  seeds  about  2  mm.  (^e 
inch)  long  (.9)  (figs.  1  and  2).  Ninebark  fruits 
are  fairly  persistent  on  the  plants.  They  seldom 
fall  of  their  own  weight  but  are  easily  dislodged 
by  wind  or  snow.  Some  fruits  may  persist 
until  the  end  of  winter  {12).  Common  ninebark 
produced  good  seed  crops  every  year  in  Mich- 

igan {6)  and  New  York  {10). 
Collection,  extraction  and  storage. — In  ripen- 

ing,  mallow   ninebark   fruits   turn   from   pale 

Table  1. — Physocarpus:  nomenclature,  occurrence,  and  uses 

Scientific  names  and  synonyms 

P.  tualvaceus  (Greene)  Kuntze 
Neillia  malvacea  Greene. 
Opulaster  malvaceus  Kuntze. 
O.  pauciflorus  Heller. 
P.  pauciflorus  Piper. 
P.  pubescens  (T.  &  G.)  Piper. 
Spiraea  pauciflora  Nutt. 

P.  opulifolius  (L.)  Maxim. 
Neillia  o.  Brew.  &  Wats. 
Opulaster  australis  Rydb. 
0.  opulifolius  (L.)  Kuntze. 
0.  pauciflorus  (T.  &  G.)  Heller. 
P.  australis  (Rydb.)  Rehd. 
P.  inichiganensis  Daniels. 
Spiraea  optilifolia  L. 

Common  names Occurrence 
Uses 

Species  compiler 

mallow  ninebark, 
few-flowered  nine- 

bark, ninebark. 

common  ninebark, 
ninebark. 

Southern  British  Colum- 
bia south  to  Oregron, 

east  to  southern  Alberta, 
Montana,  Wyoming:  and 
Utah. 

Quebec,  west  to  Wiscon- sin, South  Dakota,  to 
Arkansas,  to  North 
Carolina. 

E,  W     P.  F.  Stickney. 

F.  L.  Pogge. 

^  E :  environmental  forestry,  W :  watershed  management. 
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PHYSOCARPUS 

Table  2. — Physocarpns:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates Fruit  ripening' dates 
Seed  dis- persal dates 

Data 

source 

P.  malvaceus 

P.  opulifolius 

Idaho,  Kootenai  Co. 
Elev.  3200  ft.  May  20-June  30 

Montana,  Missoula  Co. 
Elev.  3200  ft.      May  30-June  25 

4400       June  20-July  10 
5400      June25-Julv  15 
6400    July  5-July  25 

West  Virginia    June       

    -      May-July   

Aug. 

Aug.  20-Sept.  5 
Aug.  20-  Sept.  25 
Aug.  20-  Sept.  30 
Sept.  5-Sept.  25 
Aug.-Sept.     

Sept.-Oct   

Sept.  15  +  _ 

Oct.  10-f .-_ 
Oct.  5  + 

Oct.  5-t-.. Oct.  10  +  . 

Oct.+       _, 

Oct.4- 

3 

12 

1 

5,16 

^xa^ 

2  X 

■jtH^jft^' 

20  X Figure  2. — Physocarpus  malvaceus,  mallow  ninebark: 
longitudinal  section  through  a  seed,  25   X. 

Figure  1. — Physocarpus  opulifolius,  common  ninebark: 
capsules,  2  x   (above),  and  seeds  20  X  below. 

green  to  pale  brown  {12).  Common  ninebark 
fruits  turn  from  orange-red  to  pale  brown  or 
reddish  or  purplish  {1,  5).  Ripe  fruits  can  be 
picked  from  the  shrubs  or  shaken  onto  drop- 
cloths,  dried  either  naturally  or  with  artificial 
heat,  and  then  threshed  and  cleaned.  Soundness 
of  ninebark  seeds  has  been  low  (table  3).  Seeds 
may  be  stored  dry  at  room  temperature  (13). 

Germination  and  nursery  practice. — Seeds  can 
either  be  sown  in  the  fall  and  covered  with 
mulch  (13)  or  stratified  and  sown  in  the  spring. 
But  specific  information  is  scanty;  probably 
because  ninebark  has  been  considered  easier 
to  propagate  from  cuttings  than  from  seeds  (8, 
16).  Germinative  capacity  of  stratified  seed  of 
mallow  ninebark  was  low  because  of  a  high 
percentage  of  unsound  seeds  (table  4).  As  a 
rule-of- thumb,  common  ninebark  may  yield 
30,000  usable  plants  per  pound  of  seed  when 
fall-sown  and  mulched  (13). 

Table  3. — Physocarpus:  cleaned  seeds  per 
pound  and  soundness 

Species 

Cleaned seeds  per 

pound 

Sound- 
ness 

Sam- 

ples 

Data 
source 

P.  malvaceus 

P.  opulifolius 

Number 

756,000 
'  1,045,000 

Per- 

cent 

16 
45 

59 

Num- 
ber 1 
36 
4 
1 

11 
11 

13,H,16 13 

Range:   454,000-1,660,000  seeds  per  pound   {13,  H, 
16). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Amnions,  Nelle. 
1950.  Shrubs  of  West  Virginia.  W.  Va.  Univ. 

Bull.  50,  no.  12-4,  127  p. 
(2)  Bailey,  L.  H. 

1914.  The  standard  cyclopedia  of  horticulture. 
6  vols.  3,630  p.  The  Macmillan  Company, 
New  York. 
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PHYSOCARPUS 

Table  4. — Physocarpus  7nalvaceus:  pre  germination  treatments,  germination  test  conditions, 

and  results  ̂  

Cold  stratification  ■ Germination  test  conditions Gerniinative 

energy 
Germinative capacity 

Medium Dura- tion 

Daily 

light 

period 

Temperature 

Day        Night Dura- tion 
Amount 

Aver- 

Period   age,  all 

seed 

Full seed 

only 

Data 

Sam- 
ples 

Plastic  bag . 
Plastic  bag 
Moist  blotter 

Days 

30 

■'30 

77 

Hours 

24 

86 

86 
80 

"F. 

60 
60 
80 

Days 

32 28 

30 

Percent 
11 
13 

14 

Days 

7 
7 
3 

Percent  Percent 
13  25 
15  33 
17  66 

Number 
4 
4 
2 

15 

15 

11 

'  Seed  source  was  Missoula  Co.,  Montana,  elevation  4800  ft.  (11). 
-  Stratification  temperature  was  40°-43°  F. 
^  Stratification  was  preceded  by  soaking  the  seeds  in  a  0.1  percent  solution  of  citric  acid  for  8  hours  (15). 

(3)  Drew,  Larry  Albert. 
1967.  Comparative  phenology  of  serai  shrub 

communities  in  cedar/hemlock  zone.  Mast- 
er's thesis,  108  p.  Univ.  Idaho,  Coll.  For., 

Moscow.    (Unpublished.) 
(4)  Fernald,  Merritt  Lyndon. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. 
American  Book  Company,  New  York. 

(5)  Gleason,  Henry  A. 
1963.  The  new  Britton  and  Brown  illustrated 

flora  of  the  northeastern  United  States  and 
adjacent  Canada.  3  vols.  Hafner  Publish- 

ing Co.  Inc.,  New  York. 
(6)  Gysel,  Leslie  W.,  and  A.  Lemmien  Walter. 

1964.  An  eight-year  record  of  fruit  production. 
Wildl.  Manage.  28:  175-177. 

(7)  Hitchcock,   C.   Leo;    Cronquist,   Arthur;    Ownbey, 
Marion;  and  Thompson,  J.  W. 

1961.  Vascular  plants  of  the  Pacific  North- 
west. Pt.  3,  614  p.  Univ.  Wash.  Press, 

Seattle. 
(8)  Laurie,  A.,  and  Chadwick,  L.  C. 

1931.  The  modern  nursery — a  guide  to  plant 
propagation,  culture  and  handling.  494  p. 
The  Macmillan  Company,  New  York. 

(9)  Rehder,  Alfred. 
1940.  Manual  of  cultivated  trees  and  shrubs. 

Ed.  2,  revised  and  enlarged,  996  p.  The 
Macmillan  Company,  New  York. 

(10)  Smith,  Ralph  H. 
1964.  Some  experimental  shrub  plantings — 

twenty  years  later.  N.  Y.  Fish  &  Game  J. 

11(2):  91-105. 
(11)  Stickney,  Peter  F. 

Germination     data     recorded     1969.     USDA 
Forest    Serv.    Intermt.    Forest    and    Range 
Exp.  Stn.,  Missoula,  Mont. 

(12)   
Phenology     data     recorded     1966-69.     USDA 

Forest    Serv.    Intermt.    Forest   and    Range 
Exp.  Stan.,  Missoula,  Mont. 

(13)  Swingle,  Charles  F.  (compiler). 
1939.  Seed  propagation  of  trees,  shrubs  and 

forbs  for  conservation  planting.  SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., 
D.C. 

(14)  USDA  Soil  Conservation  Service. 
Correspondence,  December  1,  1967.  Adminis- 

trator, Washington,  D.  C. 
(15)  USDA  Forest  Service. 

Seed  test  data,  1969.  Eastern  Tree  Seed  Lab., 
Macon,  Ga. 

(16)  Van  Dersal,  William  R. 
1938.  Native  woody  plants  of  the  United 

States:  their  erosion-control  and  wildlife 
values.  U.S.  Dep.  Agric.  Misc.  Publ.  303, 362  p. 
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PICEA 

Pinaceae — Pine  family 

PICEA  A.  Dietr.  Spruce 

bv  L.  O.  Safford  ̂  

Growth    habit,    occurrence,    and    use. — The 
spruces  are  medium  (40-60  ft.)  to  tall  (over 
200  ft.)  evergreen  conifers.  Their  crowns  are 
generally  conical  in  outline.  Branches  are  small 
and  whorled,  but  internodal  branches  are  com- 

mon. Leaves,  borne  on  peglike  projections  (pul- 
vini)  on  the  twigs,  are  needlelike,  angled  or 
flattened  in  cross  section,  and  persist  for 
several  years.  Needles  fall  readily  from  twigs 
on  drying.  Boles  are  slender  and  gradually 
tapering  along  their  entire  length,  sometimes 
with  buttressed  base.  Bark  is  thin  and  scaly, 
sometimes  furrowed  at  the  base  of  old  trees. 
Roots  are  shallow  with  long  stringy  tough  root- 

lets. Open  grown  trees  retain  live  branches  to 
the  ground,  and  in  some  species  branch  tips 
in  contact  with  moist  soil  take  root  and  pro- 

duce full-size  trees  (IS). 
Evolving  from  primordial  ancestors  in  the 

northeastern  mainland  of  Asia  (SI^),  members 
of  the  genus  Picea  occur  throughout  the  north 
temperate  regions  of  the  world.  In  the  north- 

ernmost latitudes  the  spruces  grow  on  all  soils 
and  at  all  elevations  up  to  tree  line.  In  the 
southern  latitudes,  the  spruces  are  usually  re- 

stricted to  cold,  wet,  or  shallow  soils  of  bogs 
or  to  higher  elevations  on  mountain  slopes. 
Spruces  are  shade  tolerant  climax  species,  often 
replacing  stands  of  birch,  aspen,  or  other  pi- 

oneer species  on  distributed  areas  (18).  Infoi*- 
mation   is    presented    below   for    seven    North 

Northeastern  Forest  Exp.  Stn. 

American  and  ten  exotic  spruces  which  are 
presently  cultivated  for  forestry  or  horticultural 
purposes  in  this  country  (tables  1,  la). 

The  strong,  light-weight,  light-colored,  fine- 
grained, even-textured,  long-fibered  wood  makes 

most  species  of  spruce  potential  timber  trees. 
Only  restricted  range  or  inaccessible  locations 
cause  some  species  to  be  commercially  unimpor- 

tant. Most  species  are  important  watershed 
protectors  because  of  their  occurrence  at  high 
elevations  and  on  steep  slopes  (18,  26,  73). 

Spruces  also  provide  important  winter  shelter 
for  wildlife  in  the  higher  latitudes.  Seed  eating 
birds  and  mammals  feed  on  spruce  seed.  Red 
squirrels  clip  twigs  and  terminals  and  eat  re- 

productive and  vegetative  buds.  Some  animals 
browse  on  spruce  foliage  although  it  is  not  a 

highly  preferred  food  source  for  either  wild- life or  domestic  animals  {18,  26,  73). 
Tolerance  of  extreme  exposure  to  wind  and 

cold  temperatures  make  spruce  especially  well 
suited  to  shelterbelt  planting.  P.  glauca  and  P. 
sitchensis  have  been  widely  used  for  this  pur- 

pose (18,  73).  The  conical  form  and  dense 
persistent  branches  place  the  spruce  high  on 
the  list  for  environmental  plantings.  Several 

species  have  "blue"  cultivars  and  dwarf  forms 
which  make  especially  good  ornamentals  (18). 
Spruces  are  in  general  not  tolerant  of  droughty 
sites  or  air  pollution.  Dallimore  and  Jackson 

(18)  advise  against  planting  on  "hot,  dry  land, 
or  in  vicinity  of  smokey  towns."  They  single  out 
one  species,  P.  omorika,  as  being  "tolerant  of 
an  impure  atmosphere." 

Table  1. — Picea:  nomenclature,  occurrence,  and  use;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence Uses Data  compilers 
for  the  species 

jP.  afeies  (L.)  Karst      Norway  spruce, 
P.  excelsa  Link.  European  spruce. 

P.  agperata  Masters    dragon  spruce, 
P.  crassifolia  Kamarov.  Chinese  spruce. 

bretceriana  S.  Watson  Brewer  spruce, 
weeping  spruce. 

Native  of  Europe;  planted 
in  southeastern  Canada 
and  northeastern  United 
States,  and  has  escaped 
from  cultivation. 

Native  of  western  China 
and  planted  in  parts  of 
the  United  States. 

Small  scattered  areas  in 
southwestern  Oregon  and 
northern  California. 

T,  W,  E L.  0.  Safford and  A.  C. 
Hart. 

E           L.  O.  Safford. 

0.  L.  Copes 
and  Sugano. 
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Table  1. — Picea:  nomenclature,  occurrence,  and  use;  data  compilers — Continued 
Scientific  names  and 

synonyms 
Common  names Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

P.  engelniannii  (Parry) 
Engelmann. 

P.  Columbiana  Lemmon. 
P.  gJauca  ssp.  engehnatut 

(Parry)  T.M.C.  Taylor. 

P.  glauca  (Moench)  Voss 
P.  alba  Link. 
P.  canadensis  B.S.P. 
P.  nigra  var.  glauca  Carr. 

P.  glauca  var.  albertiaua 
(S.  Brown)  Sargent. 

P.  albertiana  S.  Brown. 
P.  alba  var.  albertiana 

(S.  Brown)  Beissner. 
P.  canadensis  var.  alber- 

tiana (S.  Brown) 
Rehder. 

P.  glehnii  (Fr.  Schmidt) 
Masters. 

P.  jesoensis  ( Siebold  and 
Zuccarini)  Carriere. 

P.  ajanensis  Fisher. 
P.  kamchatkensis 

LaCassagne. 
P.  komarovic  Vasil.jev. 
P.  microsperma  (Lindley) 

Carriere. 
P.  koyaniai  Shirasawa       

P.  koraiensis  Naki. 
P.  moramoemi  Horton. 

P.  mariana  (Miller)  Britten 
Sterns  and  Poggenberg. 

Engelmann  spruce 

white  spruce, 
Canadian  spruce, 
Black  Hills  spruce, 
skunk  spruce. 

western  white 
spruce.  Alberta 
white  spruce. 

Sakhalin  spruce 

P,  omorika  (Panic)  Purkyne 

P.  orientalis  (Linnaeus) 
Link. 

P.  polita  ( Siebold  and 
Zuccarini)  Carriere. 

P.  imiigeiis  Englemann 
P.  conimiitata  Horton. 
P.  parryana  Sargent. 

.  rubeiis  Sargent       
P.  aust7-alis  Small. 
P.  n  igra,  var.  rubra 

Engelmann. 
P.  rubra  (DuRoi)  Link 

(not  A.  Dietrich). 
.  sitchensis  (Bongard) 

Carriere. 
P.  menziezii  Carriere. 
P.  sitkaensis  Mayr. 

Yeddo  spruce, 
Hondo  spruce. 

Koyama  spruce 

black  spruce,  bog 
spruce,  swamp 
spruce,  eastern 
spruce. Serbian  spruce  .. 

Rocky  Mountains  from 
British  Columbia  and 
Alberta  south  to  Arizona 
and  New  Mexico;  Cascade 
Mountains  in  Washington 
and  Oregon. 

Alaska  to  Newfoundland ; 
northeastern  and  north 
central  United  States; 
also  in  Black  Hills  of 
South  Dakota  and  small 
scattered  areas  in  west- 

ern Montana. 
Southwestern  Alberta, 

British  Columbia,  and 
Yukon. 

Native  to  Sakhalin  and 
Hokkaido;  planted  in 
parts  of  the  United 
States. 

Native  of  eastern  Asia ; 
planted  in  the  United 
States. 

Native  of  Japan;  planted 
in  the  United  States. 

Alaska  to  Newfoundland; 
northeastern  and  north 
central  United  States. 

T,  H,W,  E 

T,  H,  W,  S,  E 

L.  0.  Safford. 

L.  0.  Satford 
and  A.  C. 
Hart. 

T,  H,  W,  S,  E      L.  0.  Safford. 

E. Do. 

Do. 

T,  H,  W,  S,  E 

Do. 

David  H.  Dawson. 

P.  sinithiana  (Wallich) 
Bossier. 

P.  morinda  Link. 

oriental  spruce  . 

tigertail  spruce 

blue  spruce, 
Colorado  spruce, 
Colorado  blue 
spruce,  silver 
spruce. red  spruce,  black 
spruce,  blue 
spruce,  he-balsam, 
yellow  spruce. 

Sitka  spruce,  coast 
spruce,  tideland 
spruce,  Menzies 
spruce,  silver 
spruce. Himalayan  spruce  .. 

Native  of  Yugoslavia ;  E     L.  0.  Saflford. 
planted  in  the  United 
States. 

Native  of  Asia  Minor  and         T,  E-.,._             Do. 
southern  Russia ;  planted 
in  the  United  States. 

Native  of  Honshu,  Japan;        E,           Do. 
planted  in  the  United States. 

Rocky  Mountains  in  Wyo-        T,  S,  E    John  R.  Jones. 
ming,  Utah,  and  Colo- 

rado; scattered  areas  in 
Arizona  and  New  Mex- 

Nova  Scotia,  southern  Que- 
bec, New  England,  New 

York,  and  south  in  Appa- 
lachian Mountains  to 

North  Carolina. 

Pacific  Coast  region  from 
Aleutian  Islands  to 
northwestern  California. 

Native  of  Afghanistan  and 
Nepal  above  7,000  ft. ; 
planted  in  the  United 
States. 

T,  H,  W 

T,  H,  W 

L.  0.  Safford and  A.  C. 

Hart. 

R.  Ruth  and 
R.  Wolland. 

T,  E        John  R.  Jones. 

T:  timber  production,  H:  habitat  or  food  for  wildlife,   W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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Table  1A. — Picea:  height,  seed-bearing  age,  and  seed  erop  frequency,  nifh  data  sources 

Height 
Species  at 

maturity 

Feet 

P.  abies          100-200  (18) 

P.asperata        Up  to  100  (18) 
P.  breivcriana  80-100 
P.  engelmamiii            80-100+  (18) 

P.  glauca        .^          50-100+  (26) 

P.  glehnil.....       Up  to  100  (18) 
P.  jezoensis                    100-150  (18) 
P.koyamai             Up  to  60  (18) 
P.mariana         ....            30-90  (26) 

P.oynorika                      100+  (18) 
P.  orienfalis      ....                  180+  (18) 
P.  polita                      70-100  (18) 
P.  pungens    70-165     (50,  22) 

P.ruheyis            70-100+  (18) 

Year  of Minimum 
Interval  be- first seed-bear 

ing 

tween  large 

cultivation 
age seed  crops 

Years Years 

1548 
(78) 30-50 

(78) 
3-5 

(Britain)      (69) 
8-10  (Norway)    (39) 

12-13  (Finland)    (68) 
1910 (18) 
1893 (78) 
1862 (78) 16-25 (78) 2-3 (78) 

1700 (78) 30 (78) 
2-6+                (61,73) 

4 (73) 2-3 (78) 
1877 (18) 
1861 (18) 
1915 (18) 
1700 (78) 10 (26) 4 (26,34,54) 

30-40 (54,78) 
1884 (18) 
1839 (18) 

1861 (18) 
1862 (78) 

20 

(42) 1-3 
(22,42) 

fore  1750 (78) 35-45 
30-50 
30-40 

(26) 

(8) (78) 

3-8 
(26) 

1831 (78) 20 
35 

(79) 
(78) 

3-4 (78) 

1818 (18) 

20 

(48) 
(') 

P.  sitchensis 

P.  smithiana 

60-240 

200  + 

(53) 

(18) 

'  Good  seed  crops  are  frequent  (48). 

Historically,  spruces  have  provided  some 
highly  specialized  products  (9,  18,  73)  :  sound- 

ing boards  for  musical  instruments  from  P. 
abies;  aircraft  parts,  heat  shields,  and  nose 
cones  for  missiles  and  space  craft  from  P.  sitch- 

ensis; Burgundy  pitch  from  P.  abies  resin; 
Swiss  turpentine  from  P.  abies  twigs;  anti- 

scorbutic and  diuretic  beverage  from  P.  abies, 
P.  mariana,  and  P.  rubens  twigs  and  needles; 
healing  salves  from  gums  and  aromatic  distil- 

lations from  needles  of  P.  glauca  and  P.  mari- 
ana; ropes  from  roots  of  P.  abies  and  P.  glauca; 

Christmas  trees  from  several  species. 
Geographic  races  and  superior  strains. — The 

wide  ranges  and  diverse  environments  to  which 

the  spruces  have  naturally  adapted  pi'ovide  a 
vast  array  of  individual,  ecological,  and  geo- 

graphic variations.  Natural  hybridization  and 
introgression  are  common  among  the  spruces 
where  ranges  of  compatible  species  overlap. 
Artificial  crosses  between  several  of  the  widely 
separated  species  are  also  possible  (Si),  and 

have  occurz'ed  naturally  where  species  were 
planted  together   (18). 

The  seed  of  P.  abies,  the  most  intensively 
studied  species,  shows  latitudinal  and  eleva- 
tional  gradients.  Seed  from  northern  latitudes 
land  higher  elevations  is  a  lighter  weight  than 
seed  from  southern  latitudes  and  lower  eleva- 

tions   (31,    76).    Seed    source    also    influences 

mineral  nutrient  content  of  seeds  (86)  and 
early  growth  of  seedlings  in  nursery  beds  (31). 

Seed  source  identification  and  provenance 
testing  of  native  as  well  as  exotic  spruces  is 
important  in  selecting  suitable  races  of  spruce 
for  forestry  purposes  (33).  When  gathering 
seed  for  reforestation  projects,  industrial  for- 

esters usually  try  to  see  that  seed  is  collected 

from  "superior"  trees  growing  in  the  same  area 
that  is  to  be  replanted  (74).  Soil  characteristics 
of  the  seed  collection  area  should  be  matched 
with  the  planting  area  (60). 

Flowering  and  fruiting. — Male  and  female 
strobili  arise  in  spring  (table  2)  in  axils  of 

needles  of  the  previous  year's  shoot  on  difi'er- ent  branches  of  the  same  tree.  Cone  buds  may 
be  distinguished  as  early  as  July  preceding 
flowering  in  the  following  spring;  they  provide 
a  possible  means  of  predicting  seed  years  (20). 
No  bisexual  cones  are  known.  The  yellow-, 
bright  purple-,  or  crimson-colored  male  strobili 
are  ovoid  to  cylindrical  shaped  and  pendant. 
Microsporophylls  are  spirally  arranged  on  a 
central  axis.  Male  strobili  are  usually  well 
distributed  over  the  crown.  They  dry  out  and 
fall  soon  after  pollen  shed.  Female  strobili  arise 
near  the  end  of  shoots  in  the  upper  part  of 
the  tree.  They  are  erect  and  cylindrical,  yellow- 

ish green-,  crimson-,  or  purple-colored,  and  Vl 
to  Yi  inch  in  diameter.  The  megasporophylls, 
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Table  2. — Picea:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal dates Data 

source 

P.  ahies        Late  April-June  .  Sept.-Nov    Sept.-Apr.  78,  83 
P.  breiveriana            Sept.-Oct    Sept.-Oct    1A,78 
P.  engelmannii    June-July    Aug.-Sept    Sept.-Oct    .    78 
P.  glauca    northeastern  Minnesota       May     Mid-Aug.      Sept    1,17 

and  Alberta.  ! 
P.  viariana    Lake  States  and  Ontario      May-June    Sept    Begins  in  Oct.\     1,  26,  SJf,  5U,  78 
P.  omorika..       ^   Philadelphia,  Penn.  _      __   Early  May    83 

Great  Britain        Oct.        69 
P.pungens       April-June  Fall      Fall  and  winter.  42,50,78 
P.  rubens    Late  April-early    Mid-Sept.-early  Oct..   Oct.-Mar    26 May. 

P.  sitchensis    Oregon    May     Oct.  to  spring    ..  65,  79 
Alaska     Late  Aug.-Mid-Sept   do    2i,25 

P.  sniithiana    April-May    Oct.-Nov    Oct.-Nov    78 

^  P.  tnariana  retains  its  cones  in  a  semiserotinous  state  for  several  years  providing  a  continuous  source  of  seed  in 
stands  over  40  years  old  (2Jt). 

each  bearing  two  megaspores  at  its  base,  are 
spirally  arranged  on  a  central  axis.  Cones  are 
receptive  to  pollen  when  fully  open,  a  period 
which  lasts  for  only  a  few  days.  Fertilization 
follows  pollination  within  a  few  days  or  weeks 
{23)  and  cones  mature  the  autumn  following 
flowering  (table  2)   {18). 

The  persistent  cone  scales  may  be  rounded, 
pointed,  notched,  or  reflexed  at  the  ends.  The 
pendant  mature  cones  open  on  ripening  to  shed 
seed  during  the  autumn  and  winter.  Cones  re- 

main on  the  tree  for  about  one  year  and  some 
seed  may  fall  all  year  {26,  62).  P.  mariana  is 
a  special  case.  Its  cones  are  semiserotinous, 
remain  on  the  tree,  and  retain  viable  seed  for 
several  years  {26).  Spruce  seeds  are  small  (0.1- 
0.2  inch  long),  oblong  to  acute  at  the  base, 
with  a  single  well-developed  wing  two  to  four 
times  the  length  of  the  seed  (fig.  1).  Testa  of 
mature  seeds  are  brown  to  black.  Cotyledon 
number  varies  from  4  to  15  {18)    (fig.  2). 

Collection  of  cones. — Spruce  cones  must  be 
harvested  promptly  on  ripening  to  avoid  loss 
of  seed  (table  2).  Cones  may  be  collected  from 
standing  trees,  slash,  or  animal  caches.  Seeds 
are  generally  mature  before  the  cone  has 
changed   to   the  tan,   purple,   gray,    or   brown 

color  characteristic  of  ripe  cones  (color  plate 
and  table  3).  Time  of  ripening  varied  among 
P.  ahies  cones  on  an  individual  tree,  and  among 
trees  in  a  single  stand.  In  general  cones  with  a 
greater  exposure  to  sunlight  ripened  before 
those  in  the  shade  {Jtl).  A  moisture  content  of 
30  percent  or  less  for  P.  ahies  {H)  or  a  soft  or 
"spongy  feel"  when  squeezed  in  the  fingers  for 
P.  glauca  {17)  indicates  a  suflScient  degree  of 
ripeness  for  harvesting.  P.  mariana  is  an  ex- 

ception. Cones  of  this  species  are  mature  when 
they  turn  purple  even  though  they  remain  firm 
and  unopened  {78). 

Color  of  testa  and  firmness  of  seeds  give  a 
good  indication  of  seed  ripeness.  Dark  brown 

or  black  testa  and  seed  that  "snaps"  when  cut 
with  a  sharp  instrument  are  characteristics  of 
mature  seed  {17). 

Extraction  and  storage  of  seeds. — Spruce 
seeds  are  more  sensitive  to  adverse  storage 
conditions  than  the  pines  {27)  and  may  lose 
viability  if  not  extracted  promptly  from  cones 
{3).  Cones  should  be  air  dried  for  a  few  weeks 
or  in  a  simple  convection  kiln  for  6-24  hours 
at  100"-120''  F.  followed  by  shaking  on  a 
screen  or  tumbling  to  extract  seeds  from  cones 

{78).  Temperatures  above  135"  F.  were  harm- 

^C~^ 

P.  breweriana  P.  engelmannii  P.  glauca  P.  mariana  P.  rubens  P.  sitchensis 
Brewer  spruce  Engelmann  spruce     white  spruce      black  spruce       red  spruce  Sitka  spruce 

Figure  1. — Picca:  seeds  with  wings,  2  x. 
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Table  3. — Picea:  fruit  ripeness  criteria    {18) 

5mm 

seedcoat 

endosperm 

cotyledons 

-hypocotyl 

radicle 

Figure  2. — Picca  brewer iana,  Brewer  spruce:   longitu- 
dinal section  through  the  embryo  of  a  seed,  12   X. 

Species 
Preripe  color 

Ripe  color 
p, 

abies  ̂        Brown. p. 

asperata   
Fawn  grey. 

p. brewericnia Green Brown  to  black. 
p. 

engelmantiii Green  tinged  with 
crimson. 

Shining  brown. p. 

glauca 
Green Pale  brown. 

p. 

glehnii 
Shining  brown. 

p. 

jexoensis 
Crimson         Leather  brown. 

p. koyamai Pale  green     .     Shining  brown. 
p. 

mariana 
Green Purple  turning 

to  brown. 
p. 

omorika Bluish  black Dark  brown. 
p. orientalis Purple           Brown. 
p. 

polita   Yellowdsh  green Cinnamon. 
p. 

pun  gens 
Green  tinged  with red. 

Pale  shining 

brown. p. 

rubens Green  or  purplish Shining  brown. 
p. 

sitcheusis Light  vellow  green 

(2.5  GY  8/4).' 

Yellow  red 

(7.5  YRfi/6).' 

p. 

SDiithiaria Bright  green Bright  brown. 

'  Munsell  color  designation  (68). 

fill  to  P.  glauca,  but  P.  mariana  tolerated  brief 

periods  at  180'   F.  and  low  relative  humidity 
(11). 
The  following  special  extraction  procedure 

has  been  developed  for  the  semiserotinous  cones 
of  P.  mariana  (55)  : 

1.  Soak  cones  in  cold  water  for  3-4  hours  and  dry 
slowly  at  room  temperature  for  about  20  hours. 

2.  Heat  the  cones  to  130"  F.  over  a  3-  to  4-hour 
period  in  a  kiln  and  maintain  this  temperature 
for  5-11  hours. 

3.  Extract  on  a  screen  or  tumbler. 

4.  Repeat  steps  1-3  two  or  three  times.  The  second 
and  third  repetitions  often  yield  as  much  seed  as 
the  first. 

Separation  of  wings  and  chaff  from  seeds  is 
facilitated  by  moistening  the  seed  and  stirring 
it  in  a  round  bowl  with  a  soft  plastic  scraper 
(55).  On  drying,  the  sound  seeds  are  readily 
separated  from  wings,  chaff,  and  empty  seeds 

in  a  seed  cleaning  apparatus.  Cleaning  ap- 
paratus should  be  carefully  adjusted  to  avoid 

damage  and  loss  of  viability  in  these  thin-coated 
spruce  seeds  (<S5).  An  aspirator  (55)  or  flota- 

tion in  alcohol  (7)  can  be  used  to  remove  most 
of  the  empty  seeds,  which  are  normally  a  fairly 
high  proportion  of  total  seeds  extracted  from 
cones. 

All  species  of  spruce  seed  appear  to  be  fairly 
similar  in  longevity  characteristics  and  storage 
requirements.  Storage  in  sealed  containers  at 

83°-38"  F.  at  a  moisture  content  of  4-8  per- 
cent proved  satisfactory  for  P.  abies,  P.  glauca, 

and  P.  maria)ia  (30,  44).  Spruce  seeds  have 
been  stored  without  loss  of  viability  for  periods 
of  5  to  17  years  or  longer  (2,  3,  30,  44)  under 

similar  conditions.  The  specified  moisture  con- 
tent must  be  maintained  during  the  entire  stor- 
age period  for  maximum  longevity. 

P.  glauca  and  P.  ruhens  seeds  that  were 

stratified  in  newspaper  and  moist  sand  at  32°- 
38"  F.  for  14  months  showed  only  slight  loss 
of  germinative  capacity.  P.  mariaua  lost  about 
one-third  its  germinative  capacity  under  these 
conditions.  All  three  species  were  reduced  to 
about  10  percent  of  their  original  capacity 
after  27  months  (52).  P.  mariana  and  P.  glavca 

seeds  germinated  at  38 "-40  F.  following  con- 
tinuous stratification  for  over  one  year  (51). 

There  are  no  biological  or  physical  reasons 
why  spruce  seed  lots  should  not  meet  the  fol- 

lowing quality  standards  recommended  by  the 
International  Crop  Improvement  Association 
(37)  for  certification  of  tree  seed:  Purity  95 
percent,  foreign  seed  0  percent,  inert  matter 
(including  wings  and  wing  fragments)  5  per- 

cent, apparent  germination  75  percent.  Num- 
bers of  cleaned  seed  per  pound  for  the  various 

species  are  in  table  4. 
Pregermination  treatments. — Seeds  of  most 

species  of  Picea  germinate  promptly  without 
pretreatment,  but  cold  stratification  has  been 
used  for  a  few  species  (table  5).  When  seeds 
of  some  species  are  chilled  under  moist  condi- 

tions, light  is  not  required  for  germination 
(4-?).  Conversely,  exposure  of  imbibed  seeds 
to  li'^'-ht  during  germination  tests  may  overcome 
dormancy  in  many  seed  lots  without  previous 
stratification   (table  5)    (27). 

A  period  of  moist  stratification  at  low  tem- 
perature or  presoaking  in  cold  water  for  periods 
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Table  4. — Picea:  cleaned  seeds  per  pound  and  other  yield  data 

Pnnos  npy  Seeds  per  Cleaned  seeds  per  pound 
Species                      WViPl  bushel  of   —   

cones  Range  Average 

Number  Ounces  Number  Number 

P.abies            150-      400  5-14  47,000-  99,000  64,000 
P.  abies,  Britain                     350  9-19  _...  88,650 
P.  a6ies,  Sweden                         __  .  95,368-209,722 
P.  asperata                           ..._  _  _,  70,000-  75,000 
P.  brexveriana                        ..._  ....  51,000-  74,000  61,000 
P.  engehnannii                       ....  6-16  69,000-322,000  135,000 
P.  glauca    6,500-  8,000  6-20  135,000-401,000  226,000 
P.  glauca  var. 

albertiana.                                      ....  (i)  173,000-196,000  188,000 
P.jezoensis                        ...  ...  179,200-230,600  184,000 
P.koyamai                           _.  ...  95,000-110,000 
P.mariana    7,000-16,000  2-5  335,000-510,000  404,000 
P.  mariana,  Ontario..                         _  _  480,000-664,000  572,000 
P.omorika                  2,300  9  125,600-171,200  140,000 
P.  orientalis                         ..  55,400-108,000  76,480 
P.polita                         ...  25,000-27,000 
P.pungens                        .  12-20  80,000-163,000  106,000 
P.rubens                  5,000  16-24  100,000-289,000  139,000 
P.sitchensis                  1,300  6-20  155,000-400,000  210,000 
P.smithiana                        _.  24,000-40,000  34,000 

'  Yield  per  100  pounds  of  cones  was  1.5  to  2.0  pounds  of  seed  (78). 

Samples 

Data 

source 

Number 
200  + 

21,78 

Many 

69 

Many 

i 
31 

8  + 

58,  77,  78 

22  + 

78,  79a 

112 
35,  77,  78,  80 

6 15,78 

5,31 

31 
49 

35,  71 ,  78 
56 

31,69 

5,31 

31 

48  + 

28,78 

25 

6,21,78 

80  + 

69,  78 

160  + 

U2,  58,  78 

of  a  few  hours  to  2  days  sometimes  increases 
germinative  energy  without  influencing  ger- 
minative  capacity  (27,  hO,  1,7).  Prolonged 
soaking  may  soften  seedcoats  predisposing 
seeds  to  mechanical  injury,  especially  in  com- 

mercial nursery  operations  (63). 
The  following  treatments  have  stimulated 

germination  of  spruce  seed  under  experimental 
conditions.  P.  abies:  15-minute  soak  in  dilute 
(100  ppm)  detergent  solution  (72)  ;  P.  rubens: 
3-  to  5-minute  soak  in  concentrated  (30  percent) 
hydrogen  peroxide  (67);  and  P.  glauca:  ex- 

posure to  ultra  sound  (75).  These  treatments, 
however,  are  not  used  in  seed  testing  or  in 
nursery  practice. 

Spruce  seeds  may  be  treated  with  various 
fumigants,  insecticides,  fungicides,  and  rodent 
repellents  in  storage  or  prior  to  sowing.  As 
always,  pesticide  users  should  closely  follow 
dosages  suggested  by  manufacturer  and  user 
experience   (12.  70,  45,  U2,  3S). 

Germination  tests. — Seeds  of  P.  abies  and  P. 
pungevs  germinated  promptly  and  completely 
under  a  wide  range  of  temperatures  either  with 
or  without  light  (Jt6).  Although  the  spruces  are 
not  as  exacting  in  their  requirements  for  light 
and  temperature  conditions  as  other  conifers, 
light  of  at  least  50  foot-candles  and  alternating 
temperatures  enhanced  the  germination  of 
many  species  (table  5).  Germination  of  some 
seed  lots  of  P.  sitchensis  has  been  improved  by 
moistening  the  substrate  with  an  0.2  percent 
solution  of  potassium  nitrate  (5,  57)   (table  5). 

There  is  normally  a  fairly  high  percentage  of 
empty  seeds  in  any  spruce  seed  lot  as  it  is  ex- 

tracted from  the  cones.  Unless  these  empty  seeds 
are  removed  in  the  cleaning  process,  they  can 
seriously  affect  germination  test  results.  (27). 
Actual  germination  of  spruce  usually  is  about 
10  to  20  percent  lower  than  soundness  as  indi- 

cated by  a  cutting  test  (5.9).  Both  germinative 
energy  and  germinative  capacity  increase  with 
specific  gravity  of  the  seeds  (13). 

Figure  3. — Picca  pungcns,  blue  spruce:  seedling  devel- 
opment at  2,  5,  and  7  days  after  germination. 

592 



PICEA 

Nursery  practice. — Practices  used  in  produc- 
ing seedlings  of  North  American  species  in  a 

few  nurseries  are  summarized  in  table  6.  Fall 

sowing  is  not  recommended  for  seeds  of  P.  en- 
gelmannii,  P.  pungens,  P.  Icoyamai,  and  P.  pol- 
ita.  Seeds  of  these  species  may  germinate  at  low 
temperatures  in  the  fall  and  are  susceptible  to 
winter-killing  (31,  ̂ 9,  64).  Fall  sowing  has  been 
satisfactory,  however,  on  some  species  not  listed 
in  table  6  such  as  P.  glch  iiii,  P.  jezoensis,  P.  omo- 
rika,  P.  orientalis,  and  P.  rubens  (31). 

Seeds  may  be  pelleted  with  a  fungicide,  insect- 
icide, and  alumiinum  flake  to  repel  animals  prior 

to  seeding  without  slowing  germination  or  dam- 
aging germinants  (12).  Seeds  are  covered  to  a 

depth  of  1/4  fo  '^  j{  inch  (about  2  X  seed  diameter) 
with  nursery  bed  soil  or  sand.  Seedbeds  are 
rolled.  A  mulch  of  sawdust,  straw,  or  peat  moss 

1/4.  to  1  inch  deep  or  burlap  is  applied  to  spring 
sown  beds.  Burlap  is  removed  when  seeds  start 
to  germinate.  A  deeper  layer  of  mulch,  usually 
1  to  2  inches  of  straw,  pine  needles,  or  sawdust, 
is  applied  to  fall  sown  seedbeds  and  removed 

prior  to  gei'mination  in  the  spring.  Germination 
is  epigeal  (fig.  3). 

During  the  first  season  partial  shade  may  be 
applied.  When  overhead  irrigation  is  used,  no 
shade  is  necessary.  A  straw  mulch  equal  in  depth 
to  the  height  of  the  seedlings  may  be  applied  at 
the  end  of  the  first  growing  season.  This  practice 
protects  the  small  seedlings  from  winter  drying 
and  snow  mold,  and  is  particularly  helpful  in 
areas  where  there  is  light  or  intermittent  snow 
cover  during  the  winter.  Mulch  is  removed  prior 
to  the  start  of  growth  in  the  spring.  Most  spe- 

cies produce  seedlings  suitable  for  outplanting 
as  2-0,  3-0,  or  in  some  cases  2-1  or  even  3-1 
stock.  Spruces  appear  to  require  a  somewhat 
higher  level  of  soil  fertility  than  pine  to  produce 
maximum  size  2-0  stock. 

Expensive  seed  of  some  of  the  rarer  species 
such  as  P.  omorika  may  be  germinated  under 
laboratory  conditions  and  transplanted  into  in- 

dividual pots  of  soil  in  a  greenhouse  (IS).  Under 
laboratory  or  greenhouse  conditions  newly  ger- 

minated seedlings  of  P.  )-iihens  require  a  light 
period  of  at  least  16  hours  to  prevent  them  from 
becoming  dormant.  Once  dormant,  seedlings  of 

most  species  require  a  4-  to  6-week  cold  treat- 
ment at  32"^  F.  or  lower  to  induce  subsequent 

growth  (67). 

Table  5. — Picea:  .stratification  periods,  germination  test  co)iditions,  and  results 

Species 
Stratifi- cation 

period  ' 

Germination 

test  conditions " Daily 

light 

period 

Germinative 

energy 
Germinative capacity 

Dura- tion Amount Period         Average Samples 

Data 
source 

Days 

P.  abies    0 
0 

P.  breweriana     30-90 
P.  engelmannii'    0 
P.  glauca    0 

60-90 
P.  glehni           21 
P.  jezoensis           21 
P.  koyaviai    0 
P.  mariana    0 

0 

P.  omorika"    0 
P.  orientalis^    0 
P.  volita    0 
P.  pungens    0 

14-28 
30-90 

P. rubens        0 

P.  sitchensis  '    0 
0 
0 

P.  smithiana  0 

Hours 

Oor  8 

8 
0  or  8 
0  or  8 

Days 
16 

20-30 
30 

16-50 

21 45 
14 

14 
21 

16 
28 

50 
16 

31 21 
16 

20 
28-50 

21 
35 
35 
30 

Percent 

71 
56 

63 
44 
37 

85 
61 
57 
83 
40 

77 

22 
28 
46 
60 
40 

Days 

10 
16 

10 
10 
25 

10 
10 

19 

10 
10 10 

10 
10 

14 
14 
20 

Percent 
80 
70 

54 
69 

70 
49 

88 
64 

61 
87 

61 80 

73 
62 

66 
54 

'71 

41 

Number 
78 

3,888 

7  + 

65  + 
47 

140 

4 
42 

49 

13 
7 

69 

18  + 

29 
14 100 

100 

154  + 

5,27 

78 

38,  78 

5,  37,  78 

5,27 52,  78 
27 

27 
27 

5,27 
80 

77,78 27 

5,27 27 

5,27 

57 

78 
5,  27,  78 

27 

57 

57 

78 

'  Stratification  was  in  a  moist  medium  at  34°  to  41°  F. 
■  Temperatures  were  alternated  diurnally  from  86°  F.  for  8  hours  to  68°  F.  for  16  hours  of  each  24-hour  day.  Light, 
when  used,  was  supplied  during  the  warm  period. 

'^  Seeds  were  sensitive  to  excess  moisture  in  the  medium  {27). 
'  Germination  medium  was  kept  moist  with  an  0.2  percent  solution  of  KNO:, 
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(12) 
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14) 

15) 

Il6) 

117) 
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Pinaceae — Pine  family 

PINUS  L.  Pine 

by  Stanley  L.  Krugman  '  and  James  L.  Jenkinson  - 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Pinus,  one  of  the  largest  and  most  important 

of  the  coniferous  genera,  comprises  about  95 
species  and  numerous  varieties  and  hybrids. 
Pines  are  widely  distributed,  mostly  in  the 
Northern  Hemisphere  from  sea  level  (Pinus 
contorta  var.  contorta)  to  timberline  (P.  alhi- 
cautis).  They  range  from  Alaska  to  Nicaragua, 
from  Scandinavia  to  North  Africa,  and  from 
Siberia  to  Sumatra.  Some  species,  such  as  P. 
sylvestris,  are  widely  distributed — from  Scot- 

land to  Siberia — while  other  species  have  re- 
stricted natural  ranges.  Pinus  canariensis,  for 

example,  is  found  naturally  only  on  the  Canary 
Islands,  and  P.  torreyana  numbers  only  a  few 
thousand  individuals  in  two  California  localities 
(table  1)  U9). 

Forty-one  species  of  pines  are  native  to  the 
United  States.  These  species  are  also  the  most 
widely  planted  in  the  United  States.  Planting 
has  extended  the  range  of  a  number  of  them, 
including  P.  strobus,  P.  banksiana,  P.  radiata, 
P.  ponderosa  var.  scopulorum,  P.  resinosa,  and 
P.  virginiana  (71,  266).  Many  of  the  native 
eastern  pines,  especially  those  from  the  southern 
States,  do  not  do  well  in  the  western  States.  The 
same  appears  to  be  true  for  many  western  pines 
when  they  are  planted  in  the  eastern  States 
(120,  201). 
Many  introduced  pines  have  been  planted  and 

grown  successfully  in  the  United  States.  Four 
of  these — P.  sylvestris,  P.  thunbergimm,  P. 
deusiflom,  and  P.  nigra — have  become  natural- 

ized in  parts  of  New  England  and  the  Lake 
States  (264,270). 
Many  other  pine  species  have  been  success- 

fully planted  outside  their  native  range.  These 
include  P.  patula  in  South  Africa ;  P.  radiata  in 
South  Africa,  New  Zealand,  Australia,  and 
South  America;  P.  insularis  in  East  Africa;  P. 
elliottii  var.  eUiottii,  P.  taeda,  P.  pinaster,  and 
P.  palustris  in  South  Africa,  New  Zealand,  and 
Australia;  P.  ponderosa  in  Australia  and  New 

'  Timber  Management  Research,  USDA  Forest  Serv- ice. 

-  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

Zealand;  P.  canariensis  in  North  Africa  and 
South  Africa;  P.  canbea  in  South  Africa  and 
Australia;  P.  halepensis  in  South  America;  P. 
muricata  in  New  Zealand  and  Australia;  P. 
sylvestris,  P.  strobus,  P.  contorta,  and  P.  nigra 
in  Europe ;  P.  nierkusii  in  Borneo  and  Java  128, 
152,  169,266). 

The  pines  are  evergreen  trees  of  various 
heights,  often  very  tall  but  occasionally  shrubby 
(table  3).  Some  species,  such  as  P.  Uimhertiana, 
P.  monticola,  P.  ponderosa,  and  P.  strobus,  grow 
to  more  than  200  feet  tall,  while  others,  as  P. 
cembroides  and  P.  pumila,  may  not  exceed  30 
feet  at  maturity. 

Pines  provide  some  of  the  most  valuable  tim-  • 
ber  and  are  also  widely  used  to  protect  water- 

sheds, to  provide  habitats  for  wildlife,  and  to 
construct  shelterbelts.  The  bulk  of  naval  stores 
still  comes  from  pines,  and  the  seeds  of  some 
species  are  a  valuable  food  source.  Increasingly, 

pines  are  planted  to  improve  man's  environ- ment. 

Sixty-five  species  and  varieties  which  are  now 
being  planted  or  which  have  a  potential  in  the 
United  States  are  listed  in  table  1 ;  included  are 
40  species  and  varieties  native  to  the  United 
States,  one  to  Mexico,  one  to  the  Caribbean 
region,  11  to  Europe,  Africa  and  the  near  east, 
and  12  to  Asia. 

Geographic  races  and  hybrids. — The  impor- 
tance of  planting  seeds  or  seedlings  from  the 

proper  source  cannot  be  stressed  to  strongly. 
Seed  origin  is  extremely  important  in  determin- 

ing the  ability  of  a  species  to  grow  and  succeed 
in  a  given  environment.  Many  pines  with  an 
extensive  range,  as  well  as  some  of  limited 
natural  range,  have  developed  geographic  races 
that  are  morphologically  and  physiologically 
distinct  (32).  These  differences  make  each  race 
best  suited  for  growing  in  certain  environments. 
As  a  general  rule,  seeds  from  sources  in  moist 
regions  are  smaller  and  produce  faster  growing 
and  less  deeply  rooted  seedlings  than  seeds  from 
sources  in  drier  regions.  Southern  seed  sources 
commonly  differ  from  northern  sources  by  being 
faster  growing,  capable  of  growing  longer  in  a 
season,  more  susceptible  to  damage  by  winter 
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freezes,  less  susceptible  to  late  spring  and  early 
autumn  frosts ;  and  having  seed  dormancy  that 
can  often  be  overcome  with  a  shorter  presowing 
treatment  (]22,  218,  260,  266). 

For  many  of  the  pines,  detailed  data  about 
geographic  r^ces  are  not  available.  In  some 
cases  our  understanding  of  races  of  pines  native 
to  the  United  States  comes  from  plantings  in 
other  countries.  When  appropriate,  this  infor- 

mation is  included  in  the  following  species  sum- 
maries : 

Finns  atteimata — From  morphological  and 
nursery  studies,  knobcone  pine  in  California  can 
be  separated  into  two  major  groups,  one  north 
and  the  other  south  of  the  Monterey-San  Luis 
Obispo  County  line.  Seed  weight  tends  to  in- 

crease from  north  to  south,  and  seeds  of  north- 

ern origins  require  a  longer  stratification  period 
(3  weeks  or  more)  than  seeds  of  southern  origin 
(less  than  3  weeks).  Seedlings  from  northern 
sources  tend  to  be  more  frost  resistant  than 
those  from  southern  sources.  These  differences 
among  sources  appear  to  be  clinal  and  reflect 
the  latitudinal  distribution  of  the  species  {175). 

Pi)nis  balfouriana — Seeds  of  northern  origin 
(Lake  Mountain,  California)  are  longer  than 
those  of  southern  origin  (Mineral  King,  Cali- 

fornia) and  have  persistent  seed  wings  com- 
pared to  the  detachable  wings  of  southern 

sources  (154). 

PiiiKs  ha))}x-sia)ta — Sources  differ  in  seed  size, 
growth,  form,  and  susceptibility  to  insect  and 
disease  damage.  Seeds  tend  to  be  larger  from 
the  warmer  parts  of  the  range  (71).  in  Minne- 

Table  1. — Pinus:  nomenclature,  occurrence,  cnid  uses;  data  compilers 

Scientific  names  and  synonyms       Common  names Occurrence 

Tjcpc; '  Data  compilers 
for  the  species 

P.  albicaulis  Engelm. whitebark  pine 

P.  aristata  Engelni.           
P.  balfouriana  var. 

aristata  (Enpelm.)  Engelm. 

bristlecone  pine, 
foxtail  pine, 
hickory  pine. 

P.  nrmaudii  Franch      Armand  pine 

P.  attenunta  Lemm   
P.  tuberculata  Gord. 

P.  balfouriana  Grev.  and  Ralf. 

P.  banksiaiia  Lamb. 
P.  divaricata  (Ait.)  Sudw. 

P.  brutia  Ten.      
P.  halepensis  var.  brutia 

(Ten.)  Elwes  and  Henry. 
P.  canariensis  C.  Smith   

P.  caribaea  Morelet 
P.  bahamensis  Griseb. 
P.  hondurensis  Loock. 

knobcone  pine 

foxtail  pine, 
Balfour  pine. 

jack  pine, 
scrub  pine, 
banksiana 

pine,  black 
pine,  gray 

pine. Calabrian  pine 

Canary  Island 
pine, 
Canary  pine. 

Caribbean  pine 

Subalpine  in  the  northern 
Rocky  Mountains  and 
Coast  Mountains  of 
British  Columbia  through 
the  Cascade  Range  to 
the  southern  Sierra 
Nevada. 

Small,  scattered  subalpine 
areas  in  California, 
Nevada,  Utah,  Arizona, 
and  New  Mexico. 

Moderate-high  elevations 
from  central  and  south- 

western China  to  north- 
ern Burma  and  south- 

eastern Tibet;  Taiwan 
and  Hainan. 

Rocky  slopes  and  ridges 
from  southwestern 
Oregon  and  California 
to  northwestern  Baja 
California. 

Subalpine  in  Klamath 
Mountains  and  southern 
Sierra  Nevada, 
California. 

Canada,  from  the  Mackenzie 
River  and  Alberta  to 
Nova  Scotia  and  south 
into  the  Great  Lakes 
region  and  New  England 
States. 

Crete,  Cyprus,  and  Lebanon 
north  through  Turkey. 

Dry,  exposed  slopes  of  the 
central  and  western 
Canary  Islands. 

Bahama  Islands,  western 
Cuba,  Isle  of  Pines,  and 
Central  America  from 
British  Honduras  to 
Nicaragua. 

T,  W,  E 

H,  E 

T,  E 

W,  E 

H,W 

T,  H,  W, 

S,  E. 

S,  E 

T,  W,  E 

T,  E 

R.  J.  Steinhoff. 

G.  H.  Schubert. 

P.  O.  Rudolf. 

S.  L.  Krugman. 

Do. 

D.  H.  Dawson. 

S.  L.  Krugman. 

P.  0.  Rudolf. 

S.  L.  Krugman. 
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Table  1. — Pinus:  nomenclature,  occurrence,  and  uses;  data  compilers — Continued 

Scientific  names  and  synonyms Common  names Occurrence 

Uses' 

Data  compilers 
for  the  species 

P.  cenibra  L   Swiss  stone High  elevations  in  the  Alps 

T, 

W E   P.  0.  Rudolf. 
P.  vionfajia  Lam. pine,  cembran 

pine,  arolla 

pine. 

and  Carpathian  Moun- 
tains of  central  Europe. 

P.  cembroides  Zucc   Mexican  pinyon, 
nut  pine, 

pinyon. 

Semiarid  mountain  regions 
in  Mexico,  southeastern 
Arizona,  southwestern 
New  Mexico,  and  south- western Texas. 

W 

,E 

-    S.  L.  Krugman. 

P.  clausa  (Chapm.)  Vasey   sand  pine, 

spruce  pine. 
Sandy  plains  of  central  and 

coastal  Florida  and  the 
southern  tip  of  Alabama. 

T, 

H- 

_.    L.  Jones. 

P.  con  tor  ta  Dougl.  var. shore  pine. Low  elevations  on  the W 

,E 

S.  L.  Krugman. 
contorta. lodgepole 

pine,  beach 
pine,  coast 

pine. 

Pacific  Coast  from 
southeastern  Alaska  to 
California. 

P.  conlorta  var.  lalifolia Rockv  Mountain Rockv  Mountains,  from 

T. 

H, 

W,  S_ 
J.  E.  Lotan. 

Engelm. lodgepole  pine. Canada  to  Utah  and 
Colorado,  and  the  Black 
Hills. 

P.  contorta  var.  iniirray(ma Sierra  Nevada High  elevations  in  the 

T, 
H, 

w S.  L.  Krugman. 
(Grev.  and  Balf. )  Engelm. lodgepole  pine. Cascade  Range-Sierra 

Nevada  chain  from 
southwestern  Washing- 

ton to  Baja  California. 
P.  coulteri  D.  Don   .   Coulter  pine, 

nut  pine, 

big-cone  pine. 

Coastal  mountains  from 
central  California  south 
to  northern  Baja 
California. 

H 

E. 

Do. 

P.  densiflora  Sieb.  and  Zucc.     Japanese 
red  pine. 

Midelevation  in  the  moun- 
tains of  Japan  and 

Korea  north  to  eastern 
Manchuria  and  adjacent 
U.S.S.R. 

E. ...  S.  L.  Krugman 
and  P.  0. 
Rudolf. 

P.  echinnta  Mill     .  shortleaf  pine, 
southern 
yellow  pine. 

Coastal  plain  of  south- eastern United  States  to 
eastern  Oklahoma  and 
eastern  Texas. 

T, 
H, 

w _   J.  M.  McGilvray. 

P.  edulis  Engelm.         _    . pinyon. Semiarid  regions  in  LItah, 

T, 
H, 

E G.  H.  Schubert. 
P.  cembroides  var.  edulis Colorado Colorado,  Arizona,  and 

(Engelm.)  Voss. pinyon  pine, 
nut  pine. 

New  Mexico. 

P.  elliottii  var.  densa  Little South  Florida Southern  and  central 

T, 

E R.  L.  Barnes. 
and  Dorman. slash  pine. Florida,  and  Lower 

Florida  Keys. 

P.  elliottii  Engelm.  var.  elliottii slash  pine. Coastal  Plains  from  South 

T. 

H, 

E   

Do. 

P.  coribaea  Morelet. swamp  pine, 

pitch  pine, 
yellow  slash 

Carolina  to  central 
Florida  and  southeastern 
Louisiana. 

P.  engelniannii  Carr   
pine. 

.    Apache  pine. Mountains  of  southeastern 

T, 

E, G.  H.  Schubert. 
P.  latifoJia  Sarg. Arizona Arizona  and  south- 

P. apacheca  Lemm. longleaf  pine. western  New  Mexico 

P.  flexilis  James    limber  pine. Rocky 

Mountain 
white  pine. 

P.  gertirdinnn  Wall.               chilgoza  pine, 
P.  aucklandii  Lodd.  Gerard  pine. 
P.  chilghoza  Ehh. 

P.  g/oforo  Walt.             spruce  pine, 
cedar  pine. 

south  through  the  Sierra 
Madre  Occidental,  Mexico. 

Subalpine  in  the  Rocky 
Mountains  and  southern 
Sierra  Nevada. 

Mountains  of  eastern 
Afghanistan,  northern 
Pakistan,  Kashmir,  and 
northern  India. 

Coastal  Plains  from  South 
Carolina  to  northern 
Florida  and  west  to 
southeastern  Louisiana. 

T,W,  S,E___     R.J.  Steinhoff. 

T,  H.E 

T,  H 

P.  0.  Rudolf. 

J.  P.  Barnett. 
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Table  1. — Phuis:  nomenclaUire,  occurrence,  and  vses;   data  compilers — Continued 

Scientific  names  and  synonyms       Common  names 

P.  halepeusis  Mill. 
P.  o/epewsis  Poir. 

P.  Iipldreichii  Christ 
P.  heUJreichii  var.  leucodermis 

(Ant.)  Markgr. 
P.  leucodermis  Ant. 
P.  nigra  var.  leucodermis  (Ant.) 

Rehd. 

P.  insiilnris  Endl.            
P.  khasya  Royle. 

P.  jeffreyi  Grev.  and  Balf.    
P.  ponderosa  var.  jeffreyi 

(Grev.  and  Balf.)  EnRelm. 

P.  koraieiisis  Sieh.  and  Zucc.  _ 

P.  Uuubertitnitt  Dougl. 

P.  Iciophylln  var.  cliihiialiiKiiiti 
(Engelm)  Shaw. 

/'.  chihuahiunia  Engelm. 

P.  iiierknsii  .Jungh.  and  de  Vricse 

,iP.  mouophylla  Torr.  and  Frem. 
\     P.  cembroides  var. 

monophyUa  (Torr.  and  Frem.) 
Voss. 

P.  inoiiticold  Dougl. 

*.  iiiiigo  Turra 
P.  montana  Mill. 

f.  iniiricata  D.  Don 
P.  remoraia  Mason. 

nigra  Arnold 
P.  laricio  Poir. 

Khasi  pine 

Jeffrey  pine 

Korean  pine, 
cedar  pine. 

sugar  pine, 

pino  real. 

Chihuahua  pine, 

yellow  pine, 

pino  real. 

Merkus  pine, 
Tenasserim 

pine. 

singleleaf 
pinyon,  nut 
jiine,  pinyon. 

western  white 

pine,  Idaho 
white  pine, 
silver  pine. 

Swiss  mountain 
pine,  Mugho 

pine,  dwarf 
mountain  pint> 

bishop  pine. 

prickle-c(ii.>j 
pine,  Santa 
Cruz  Island 

pine 

Austrian  pine, 
idack  |)inc, 
European 
black  pine. 

Occurrence 

Uses' 

Data  compilers 
for  the  species 

Aleppo  pine, 
.Jerusalem 

pine. Heldreich  pine, 
Balkan  pine, 
Bosnian  pine, 

graybark  pine. 

Mediterranean  region,  from     T,  W,  E  P.G.Rudolf. 
Spain  and  Morocco  to 
Turkey  and  Jordan. 

High  elevations  from  cen-         W,  E  ^  Do. 
tral  Yugoslavia  to 
northern  Greece  and  in 
southern  Italy. 

High  elevations  from  east- 
ern India  to  South 

Vietnam,  and  mountains 
of  northern  Luzon, 
Philippines. 

Mountains  of  southwestern       T,  H,  W,  E 
Oregon,  California, 
western  Nevada  and 
northern  Baja  California. 

Mountains  from  southeast-       T           
ern  Siberia  to  South 
Korea;  central  Honshu, 

Japan. 
Mountains  from  western  T,  W  .    _    

Oregon  through  Cali- 
fornia to  western  Nevada 

and  northern  Baja 
California. 

Mountains  of  central  T,  E    , 
Arizona  and  southwest- 

ern New  Mexico  south 
through  the  Sierra  Madre 
Occidental  in  northern 
Mexico. 

Mountains  of  southeastern 
Burma  to  North  and 
South  Vietnam ;  western 
Sumatra  ;  Luzon  and 

Mindoro  in  the  Phili))- 

pines. Semiarid  mountains  from  H,  W,  E 
southeastern  Idaho 
through  the  Great  Basin 
ranges  to  central  and 
southern  California  and 
northern  Baja  California. 

Southern  British  Columbia       T,  W   
to  western  Montana, 
northern  Idaho  and 
northeastern  Oregon; 
south  in  the  Cascade 

Range,  Klamath  Moun- tains and  Sierra  Nevada 
to  central  California. 

Subalpine  in  the  Pyrenees,        W,  E 
Alps,  Carpathian  and 
Balkan  Mountains  of 
central  and  southern 
Europe. 

Coastal  California  and  H,  E 
northern  Baja  California; 
Santa  Rosa,  Santa  Cruz, 
and  Cedros  Islands. 

Southern  Europe,  northern       T,  W,  S,  E 
Morocco,  .Sicily,  and 

Cyprus. 

S,  E        S.  L.  Krugman. 

Do. 

P.  0.  Rudolf. 

S.  L.  Krugman. 

W.  J.  Rietveld. 

T,  E    ....       S.  L.  Krugman. 

A.  L.  Roe. 

R.  T.  Bingham. 

P.  0.  Rudolf. 

S.  L.  Krugman. 

P.  0.  Rudolf. 
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Table  1. — Pinus:  nomenclature,  occurrence,  and  uses;  data  compilers — Continued 

Scientific  names  and  synonyms        Common  names Occurrence 

Uses  ' 

Data  compilers 
for  the  species 

P.  paluslris  Mill   
P.  ausfralis  Michx.  f. 

P.  parviflora  Sieb.  and  Zucc. 
P.  pevfaphylla  Mayr. 
P.  himekomatsu 

Miyabe  and  Kudo. 

longleaf  pine, 
southern  pine, 
longstraw  pine 

Japanese 
white  pine. 

P.  patiila  Schiede  and  Deppe    Mexican 
weepinji^  pine. 

P.  pence  Griseb            Balkan  pine, 
P.  excelsa  var.  pence  Macedonian 

(Griseb.)  Beissn.  pine,  Greek 
stone  pine. 

P.  pinaster  Ait    maritime  pine, 
P.  maritima  Poir.  cluster  pine, 

pinaster  pine. 

P.  piuea  L.. 

P.  poiulerosa  var.  urizonica 
(Engelm.)  Shaw. 

P.  arizonica  Engelm. 

P.  ponderosn  Laws.  var.  ponderosn 

P.  ponderosn  var.  scopiiloruni 
Engelm. 

P.  puntila  Kegel 
p.  cembra  var.  pumila  Pall. 

P.  pun  gens  Lamb. 

P.  quadrifolia  Pari. 
P.  cembroides  var. 

parry  ana  Voss. 

P.  radiatn  D.  Don 
P.  insignis  Dougl. 

P.  resinosa  Ait     

Italian  stone 

pine,  umbrella 
pine,  stone 

pine. 
Arizona  pine, 

Arizona  pon- derosa  pine, 
Arizona 
yellow  pine. 

ponderosa  pine, 
bull  pine, 
rock  pine, 
western 
yellow  pine, 
blackjack  pine. 

Kocky  Mountain 
ponderosa 
pine,  western 
yellow  pine, 
blackjack  pine. 

Japanese stone  pine, 
dwarf  Siberian 

pine. Table-Mountain 
pine,  hickory 
pine,  mountain 

pine. 
Parry  pinyon. 

nut  pine, 

pinyon. 
Monterey  pine, 

radiata  pine, 
insignis  pine. 

red  pine, 
Norway  pine, 
hard  pine, 

pitch  pine. 

Coastal  Plains  from  south- 
eastern Virginia  to  cen- 

tral Florida  and  west  to 
eastern  Texas. 

Mountains  throughout 
Japan  from  southern 
Kyushu  north  to  south- ern Hokkaido;  Korean 
Island  of  Utsuryo. 

Eastern  Mexico  from 
Tamaulipas  south  to 
Oaxaca. 

High  mountains  of  western 
Bulgaria,  southern  Yugo- 

slavia, eastern  Albania, 
and  northern  Greece. 

Coastal  areas  in  Morocco, 
Portugal,  Spain,  southern 
France,  western  Italy. 
Corsica,  Sardinia,  and 
northeastern  Algeria. 

Portugal,  Spain,  and  north 
shores  of  the  Mediter- 

ranean Sea  to  Lebanon; 
northeastern  Turkey; 
Ibiza,  Sardinia,  Sicily, 
Crete,  and  Cyprus. 

Extreme  southwestern 
New  Mexico  and  south- 

eastern Arizona  through 
the  Sierra  Madre  Occi- 

dental to  Durango. 
Southern  British  Columbia 

south  to  central  Idaho, 
and  through  the  Cascade 
Range,  Coast  Ranges, 
and  Sierra  Nevada  to 
southern  California. 

Rocky  Mountains  from 
Montana  south  to  New 
Mexico,  Trans-Pecos 
Texas  and  northern 
Mexico ;  west  to  eastern 
Nevada  and  east  to 
central  Nebraska. 

Eastern  Siberia  south  to 

northern  Mongolia,  Man- 
churia, Korea,  and 

through  the  Kuril  Islands 
to  central  Honshu,  Japan. 

Appalachian  Mountain 
region  from  Pennsylvania 
to  northeastern  Georgia. 

Semiarid  mountains  of 
extreme  southern  Cali- 

fornia and  northern  Baja 
California. 

Coastal  central  California 
and  northern  Guadalupe 
Island,  Mexico. 

Great  Lakes  region  from 
southeastern  Manitoba 
and  Minnesota  east  to 
Newfoundland,  Nova 
Scotia  and  New  Jersey. 

T,  H,  E    J.  M.  McGilvray. 

E    P.  0.  Rudolf. 

T,  W      -   .- -.  S.  L.  Krugman. 

T,  E    P.  0.  Rudolf.  I 

T,  W,  S    Do. 

T, H,  S, E 

Do. 

T,  H,  W  W.  J.  Rietveld. 

T,  S,  E     R.J.Boyd. 

T,  H,  W, 

S,E. 

J.  L.  VanDeusen. 

E    S.  L.  Krugman. 

T,  H.W. E S.  Little. 

W,  E,H S.  L.  Krugman, 

T,  S,E  . 

Do. 

T,  H,W, 

E,  S. 

D.  H.  Dawson. 
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Table  1. — Pinus:  nomenclature,  occurrence,   and  uses;   data   compilers — Continued 

Scientific  names  and  synonyms       Common  names Occurrence 

Uses' 

Data  compilers 
for  the  species 

P.  rigida  Mill. pitch  pine, 
hard  pine, 

bull  pine. 

P.  roxburghii  Sarg       Chir  pine, 

P.  longifoUa  Roxb.  long-leaf 
Indian  pine. 

P.  stibiniaiia  Doagl          Digger  pine, 
g-i'ay  pine. 

P.  serotliia  Michx.     pond  pine. 
P.  rigida  var.  serotina  marsh  pine. 

(Michx.)  Loud. 

P.  sifc/rico  Du  Tour      Siberian 
P.  cembra  var.  sibirica  stone  pine. 

Loud. 

P.  s/rofoi/oriiii.s  Engelni. 
P.  flexilis  var.  refle.ra  Engelni. 
P.  reflexa  (  Engelm. )  Engelni. 

P.  strobus  L. 

P.  srh'estris  L. 

P.  taeda  L. 

southwestern 
white  pine, 
border  limber 

pine,  Mexican 
white  pine. 

eastern  white 

pine,  northern 
white  pine, 
white  pine, 
soft  pine, 

Weymouth 

pine. 
Scotch  pine, 

Scots  pine. 

loblolly  pine, 
oldfield  pine. 

P.  thunbergiema  Franco                Japanese 
P.  thunbergii  Pari.  black  pine. 

P.  torreyana  Parry    Torrey  pine, 
Soledad  pine, 
Del  Mar  pine. 

P.  virginiana  Mill.            Virginia  pine, 
scrub  pine, 

Jersey  pine. 

P.  tvallichiaiia^A.  B.  Jacks. 
P.  excelsa  Wall. 
P.  griffithii  McClelland. 
P.  nepalensis  de  Chambr. 

blue  pine, 
Bhutan  pine, 
Himalayan 

pine. 

Northeastern  United  States 
and  the  Appalachian 
Mountain  region,  from 
Lake  Ontario  and  Maine 
to  western  Kentucky  and 
northern  Georgia. 

Monsoon  belt  of  the  outer 

Himalayas,  from  north- eastern West  Pakistan 
to  Bhutan. 

Low-elevation  dry  sites 
in  the  Coast  Ranges 
and  Sierra  Nevada, 
California. 

Coastal  Plains  from  south- 
ern New  Jersey  to  central 

Florida  and  west  to 
central  Alabama. 

Ural  Mountains  east 
through  western  and 
central  Siberia  to 
northern  Mongolia. 

Mountains  of  southewestern 
Colorado,  Arizona,  and 
New  Mexico  south  in  the 
Sierra  Madre  Occidental 
and  Oriental  to  central 
Mexico. 

Newfoundland  and  Nova 

Scotia  west  to  south- 
eastern Manitoba,  south 

through  the  Great 
Lakes  and  Appalacliian 
Mountain  regions  to 
Iowa,  western  Kentucky, 
and  northern  Georgia. 

Eurasia,  from  Scotland  and 
Spain  to  Finland  and 
Turkey,  across  U.S.S.R. 
to  the  Sea  of  Okhotsk 
and  Manchuria. 

Coastal  Plains  and  Pied- 
mont from  Delaware  to 

central  Florida  to  east- 
ern Texas, southern 

Arkansas,  and  southern 
Tennessee. 

Maritime  in  South  Korea 

and  in  Japan  from  north- 
ern Honshu  south  to 

northern  Ryukyu  Islands. 
Santa  Rosa  Island  and 

low  coastal  bluffs  in  San 
Diego  Co.,  California. 

Appalachian  Mountain  and 
Piedmont  regions,  from 
Long  Island  south  and 
west  to  central  Alabama, 
western  Tennessee,  and 
southern  Indiana. 

Mid-  and  high-elevations 
in  the  Himalayas,  west 
to  eastern  Afghanistan 
and  east  to  southern 
China  and  northern 
Burma. 

T,  H,  W,  E         S.  Little. 

T,  S,  E 

T,H 

T,  E 

T,  H,  W 

T,  H.  W, 

S,  E. 

P.  0.  Rudolf. 

S.  L.  Krugman. 

B.  Benson. 

P.  0.  Rudolf. 

W.  J.  Rietveld. 

R.  E.  Graber. 

T,  S,  E R.  S.  Walters. 

T,  H,  W    B.  F.  McLemore. 

T.  W.  S,  E  P.  0.  Rudolf. 

E        S.  L.  Krugman. 

T,  W  _  S.  Little. 

T,  E 

P.  O.  Rudolf. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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sota  there  is  a  change  in  cone  serotiny  from 
closed  cones  in  the  north  to  predominantly  open 
cones  in  the  south  {107).  Winter  coloration  of 
needles  is  less  in  seedlings  from  lower  latitudes 
than  in  those  from  higher  latitudes  {222).  In 
Canada,  height  growth  was  greater  for  sources 
from  areas  with  longer  growing  seasons ;  selec- 

tions moved  north  made  better  height  growth 
than  selections  moved  south  {10 J^). 

Pinus  brutia — Several  varieties  have  been 
described  in  the  Black  Sea  region.  The  var. 

■pithyusa  is  found  along  the  northern  and  north- 
eastern shores  of  the  Black  Sea,  and  var.  el- 

darica  is  found  in  the  central  Transcaucasus 
{152).  In  northern  California,  an  Afghanistan 
source  related  to  var.  eldarica  is  out-growing 
var.  pithjfusa  and  appears  to  be  both  frost  and 
drought  hardy  and  of  good  form  {90,  122). 

Pinus  canarieusis — This  pine  is  found  natu- 
rally only  in  the  Canary  Islands  where  is  ranges 

from  2,100  to  7,200  feet  above  sea  level  {152). 
Seedlings  of  several  sources  from  the  various 
islands  and  elevations,  when  exposed  to  low 
winter  temperatures  in  the  Institute  of  Forest 

Genetics'  nursery  at  Placerville,  California, showed  marked  differences  in  cold  hardiness. 
Seedlings  from  4,000  feet  showed  more  cold 
damage  than  seedlings  from  6,200  feet  from 
Tenerife  Island.  Seedlings  from  6,200  feet  on 
Palma  Island  were  badly  damaged,  suggesting 
that  sources  from  different  islands  may  also 
differ  in  susceptibility  to  low  temperature  {122) . 

Pinvs  caribaea — Three  geographic  variants 
are  recognized.  The  var.  caribaea  native  to  Cuba 
and  the  Isle  of  Pines  has  persistent  seed  wings, 
while  the  other  two  varieties  do  not.  In  tests  in 
South  Africa,  var.  caribaea  showed  better 
growth  than  var.  hondureiisis  from  the  mainland 
of  Central  America.  The  var.  Jiondurensis  has 
the  largest  seeds ;  var.  bahamensis  from  the 
Bahama  Islands  has  the  smallest  {150). 

Pinvs  cemhra—A  number  of  cultivars  of  this 
species  have  been  reported  {51, 180). 

Phnis  cemhr aides — Two  varieties  have  been 
described.  The  var.  remota,  found  on  the 
Edwards  Plateau  in  southwestern  Texas  has 
very  thin  seedcoats.  The  var.  bicolor  is  found  in 
southwestern  New  Mexico  and  southeastern 
Arizona  {137). 

Piims  clansa — In  central  Florida,  this  small 
pine  has  closed  cones.  But  in  western  Florida  it 

has  an  open-cone  variety,  var.  immnginata — 
Choctawhatchee  sand  pine,  whose  cones  ripen  in 
September  and  shed  seeds  during  October  {29, 
138\. 

Phuis  covtorta — Four  varieties  are  recog- 
nized though  only  three  are  listed  in  the  tables. 

The  fourth,  var.  bola)ide)i,  has  a  restricted 
range   on  the   northern   California   coast — the 

Mendocino  White  Plains — and  has  serotinous 
cones  like  those  of  the  Rocky  Mountain  variety, 
var.  latifolia.  The  other  varieties  have  cones 
which  open  at  or  soon  after  maturity;  the  open 
cones  of  var.  contorta  persist  indefinitely  while 
those  of  var.  murrayana  do  not  (^-4).  In  tests  in 
northern  Europe,  seedlings  of  var.  contorta 
grew  faster,  and  were  more  branchy  and  less 
winter  hardy  than  those  of  var.  latifolia  from 
interior  British  Columbia  and  the  Rocky  Moun- 

tains {6.!f).  The  var.  mnrrayana  has  the  largest 

seeds.  At  temperatures  of  50°  to  68°  F.  the  var, 
latifolia  germinates  twice  as  fast  as  coastal 
sources  (4-4). 

Differences  between  sources  also  are  founc 

within  a  given  variety.  Seeds  from  high  eleva- 
tions in  central  British  Columbia  germinatec 

faster  at  68°  F.  than  at  other  temperatures,  and 
seed  from  low  elevations  germinated  faster  a1 

temperatures  above  68°  F.  (S4).  Commonly,  the 
southern  sources  grow  faster  than  the  northerr 
sources  of  a  given  variety. 

Pinus  cou.lteri — This  pine  is  endemic  to  Cali- 
fornia and  Baja  California.  No  races  have  beer 

described,  even  though  it  grows  in  isolated 
stands  from  500  to  7,000  feet  and  on  fertile  tc 
very  poor  soil  types.  Mount  Diablo  sources  are 
considered  to  have  the  poorest  form,  wit? 
greater  branching  than  any  other  source  {273) 

Pinus  deusiflora — A  number  of  cultivars  have 
been  described  {180).  This  pine  is  widelj 
planted  and  hardy  in  the  Lake  States,  New 
England,  and  southern  Ontario  {26J^). 

Pimis  echiiiata — Ten-year  results  in  a  range- 
wide  test  suggest  that  in  the  southern  United 
States  the  southernmost  sources  from  east  of 
the  Mississippi  River  are  superior  to  northerr 
sources  in  both  survival  and  growth  {260) 
Seeds  from  northern  sources  should  be  used  ir 
the  northern  extremities  of  the  range  (i44 
260,  262).  In  an  Oklahoma  test,  an  Arkansas 
seed  source  showed  the  best  performance,  ever 
surpassing  a  local  source  {183). 

Pinus  edulis — A  single  leaf  variety,  var 
fallax,  is  found  in  the  mountains  at  6,000  fee 
in  central  and  eastern  Arizona,  and  in  the  Granc 
Canyon  and  parts  of  New  Mexico.  Its  seeds  tenc 
to  be  larger  and  have  a  thicker  seedcoat  thai 
the  more  common  variety,  var.  cdnlis.  In  con 
trast  to  var.  edidis,  var.  fallax  seldom  produce 
seeds  in  quantity  {137). 

Pinus  elliottii — Two  varieties  are  recognized: 
The  var.  deusa  is  found  only  in  south  Floride 
Compared  to  typical  slash  pine.  var.  elliottii,  th 
var.  densa  germinates  faster,  has  a  grasslik 
seedling  stage  with  crowded  needles,  and  ha 
heavy  wood  with  very  wide  summer  rings  {13i: 
HO,  216).  Sources  of  var.  elliottii  in  nortl 
eastern  Florida  appear  to  be  the  poorest,  as  the 
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are  susceptible  to  ice  damage  and  are  less 
drought  resistant  than  northern  and  western 
sources  (216,  260). 
Pinus  fle-iilis — Seedlings  from  southern 

stands  are  faster  growning  than  seedlings  from 
northern  stands  (219). 

Finns  halepensiH — In  Israel  at  least  two  ele- 
vational  ecotypes  are  recognized,  and  others  can 
be  expected  in  other  parts  of  the  range  (IIS, 
152). 
Pinus  heldreichii — Pinus  hcldreichii  var. 

levcodermis,  considered  by  some  to  be  a  timber- 
line  tree,  c  ommonly  is  found  on  drier  sites  and 
often  on  soils  formed  on  limestones  (51).  The 
var.  heldreichii  forms  open  forests  in  the  moun- 

tains at  elevations  between  3,000  and  5,000  feet 
(180). 

Pinus  insnlaris — In  tests  in  northern  Rho- 
desia, trees  from  seed  of  Philippine  origin  were 

more  vigorous  and  had  better  form  than  those 
from  India,  Burma,  or  Vietnam  origins  (152, 
200). 

Pinus  jeffreiii— Evidence  for  distinct  geo- 
graphic races  is  lacking,  but  differences  in  seed 

origin  are  still  important.  Generally,  trees  from 
seed  collected  east  of  the  Sierra  Nevada  are 
slower  growing,  more  drought  resistant,  and 
less  susceptible  to  cold  damage  (S5).  Also  trees 
from  high-elevation  sources  tend  to  be  slower 
growing  than  those  from  lower  elevation  (33). 

Pinus  horaiensis — The  Siberia,  China,  and 
Korea  sources  most  likely  should  be  considered 
a  geographic  race  distinct  from  that  in  Japan. 

Pinus  leiophylla  var.  ehihnahumia — Two  dis- 
tinct forms  have  been  found.  One  has  poor  form 

with  a  short,  crooked  bole  and  many  branches ; 
the  other  has  good  form  and  grows  to  heights 
of  80  feet  (152). 

Pinus  merkusii — At  least  two  distinct  races 
are  recognized,  one  on  the  Asian  mainland  and 
the  other  on  the  island  of  Sumatra.  Seeds  of 
mainland  origin  are  larger  than  those  from 
Sumatra.  Trees  from  mainland  origins  pass 
through  a  grasslike  stage  and  tend  to  be  uni- 
nodal  with  a  straight,  cylindrical  bole,  but  they 
do  not  grow  as  tall  as  those  from  Sumatra.  The 
Sumatra  trees  may  reach  200  feet  in  height  and 
tend  to  be  sinuous  in  growth  (1^0).  Some  con- 

sider the  two  races  as  separate  species:  P.  mei'- 
kusii  on  Sumatra,  and  P.  merkusiana  on  the 
Asian  mainland  (Jtl). 

Pinus  monophyJlo — -No  varieties  are  recog- 
nized, but  there  are  variants  which  have  partly 

or  mostly  two  needles  in  a  fascicle,  rather  than 
just  one  (137). 

Pinus  monticola — Local  variations  associated 
with  elevation  and  site  are  recognized.  Pro- 

genies from  high-elevation  origins  grow  faster 
at  high  elevation  than  those  from  low-elevation 

origins  (217).  Seeds  from  northern  Idaho  are 
smaller  than  those  from  Washington  and  Cali- 

fornia (235). 

Pinus  muf/o — A  number  of  horticultural 
vai-ieties  have  been  described.  They  vary  from  a 
sprawling  shrub,  var.  pumilio,  to  a  small  tree, 
var.  rostrata  (ISO).  Varieties  also  differ  in  seed 
size  and  germination  capacity  (187).  Seedlings 
of  low-elevation  origins  are  not  hardy  at  high 
elevations  (256). 

Pinus  mnrieata — Trees  from  origins  north 
and  south  of  Fort  Ross,  California,  differ  in 
growth  form,  foliage  color,  and  cone  shape.  In 
California,  trees  from  northern  sources  tend 
to  grow  larger  with  fuller  and  more  compact 
crowns  (61).  In  tests  in  Australia,  the  northern 
sources  maintained  better  growth  rate  and  form 
than  the  southern  sources  (69). 

Pinus  ni(/m — Several  distinct  varieties  and 
numerous  cultivars  are  recognized.  The  var. 
earamanica  from  the  Crimea,  Turkey,  and 
Cyprus  tends  to  have  the  largest  seeds  (17,500 
to  20,800  per  pound)  ;  the  var.  corsicana  from 
Corsica  has  the  smallest  seeds  (28,000  to  36,000 
per  pound)  (152,  187).  Wood  in  the  Corsican 
variety  is  considerably  better  than  that  in 
typical  Austrian  pine,  var.  austriaca,  from  the 
Balkan  peninsula  and  eastern  Alps.  Stands  of 
var.  ealabiiea  planted  in  Belgium  are  considered 
one  of  the  more  cold  hardy  varieties.  Other 
varieties  are  var.  cebenne)isis  from  the  Pyrenees 
in  southern  France,  var.  hispanica  from  Spain, 
and  var.  tnaiiritaniva  from  Morocco  and  Algeria. 

Some  general  statements  can  be  made  for 
various  geographic  sources  (152)  : 

Wester)!  Groups:  Sources  in  France  and 

Spain  are  often  proven  to  be  drought  re- 
sistant and  are  indift'erent  to  soil  type. 

Central  Groups:  Sources  in  Corsica  and  Italy 
grow  well  and  have  good  form.  But  they 
need  a  high  humidity  and  grow  poorly  on 
limestone  soils. 

Eastern  Groups:  Sources  in  the  Balkan  and 
Crimea  areas  appear  to  do  well  on  the 
poorer  limestone  soils. 

Pinus  palustris — Seedlings  of  different  geo- 

graphic origin  dift'er  in  height,  growth,  cold resistance,  and  survival  (71,  260).  Southeastern 
and  central  Louisiana  sources  did  poorly;  south- 

ern Florida  sources  failed  outside  of  their  area 
of  origin.  Central  Gulf  Coast  sources  grow  well 
throughout  the  Gulf  Coast  (260). 

Pinus  parvifiora — Several  horticultural  forms 
are  cultivated  (123).  Pinus  parviflora  is  thought 
to  consist  of  two  geographical  varieties  which 
intergrade  in  central  Honshu,  Japan  (49). 

Pinus  patula — Because  of  its  rapid  growth, 
this  species  has  become  one  of  the  most  im- 

portant sources  of  wood  in  the  summer  rainfall 
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areas  of  South  Africa  (148).  It  also  grows  well 
in  East  Africa,  New  Zealand,  and  Australia 
(128,  152).  A  variety,  var.  longepedunculata, 
from  the  States  of  Oaxaca  and  Chiapas,  Mexico, 
has  been  reported.  The  cones  of  this  variety 
open  quickly  at  maturity,  thus  differing  from 
var.  patula  which  has  closed  cones.  The  seeds  of 
var.  longepedunculata  are  black  with  brown 
marks,  while  those  of  var.  pattda  are  pure  black 

Pin  us  peuce — In  Europe  seeds  from  the  Rila 
and  Pirin  Mountains  in  Bulgaria  are  considered 
to  produce  the  best  trees  (171). 

Pinus  pinaster — This  species  is  highly  vari- 
able, and  at  least  four  main  races  are  recognized 

(152).  The  French  or  Atlantic  race,  which  is 
itself  quite  variable,  is  commonly  found  on  the 
coastal  sands.  The  Portuguese  race  is  also  found 
on  coastal  sands  but  is  superior  to  the  French 
race  in  growth,  form,  and  drought  resistance ; 
it  has  done  well  in  tests  in  South  Africa  and 
western  Australia,  and  appears  to  have  some 
seed  dormancy  (105,  266).  The  Corsican  race  is 
most  commonly  found  in  the  mountains.  The 
Moroccan  race  shows  diffei'ences  between  moun- 

tain and  near  coastal  origins,  in  that  sources  of 
mountain  origin  fail  when  planted  on  the  coast. 
The  mountain  sources  are  thought  to  be  frost 
resistant  (152). 

Pinvs  pondernsa — The  three  main  varieties 
are  var.  ponderosa,  var.  arizonica,  and  var. 
scopnlorvm.  These  varieties  differ  in  seed  and 
cone  size,  needle  length  and  number  per  fascicle, 
speed  of  germination,  rate  of  growth,  form,  re- 

sistance to  drought  and  low  temperatures,  and 
survival  (31,  71,  218,  257,  259).  Within  the 
varieties  there  are  also  source  differences  in 
some  of  these  characteristics.  Speed  of  germina- 

tion at  different  temperatures  was  found  to 
vary  for  seeds  from  the  Pacific  Northwest, 
Rocky  Mountains,  and  the  Southwest.  South- 

west sources  reached  maximum  germination  at 
the  lowest  temperature  (31).  In  tests  in  Oregon 
and  Washington,  growth  rate  generally  in- 

creased with  seed  origins  from  east  to  west,  and 
from  south  to  north  in  the  eastern  part  of  the 
range;  slowest  growth  was  shown  by  sources 
from  eastern  and  southeastern  parts  of  the 
range  (218).  In  tests  in  California,  growth  rate 
generally  increased  as  seed  source  elevation 
decreased  (33).  In  tests  in  northern  Arizona, 
eastern  and  southeastern  sources  did  well,  but 
northern  and  western  sources  failed — as  did 
the  southernmost  source  (125).  Northern 
sources  of  var.  scopidnruni  are  characterized 
by  a  relatively  good  growth  rate  and  frost  re- 

sistance (257).  Southern  sources  of  this  variety 
are  slower  growing  but  frost  resistant.  In  Cali- 

fornia, sources  of  var.  ponderosa  west  of  the 

Sierra  Nevada  are  faster  growing  but  less  frost 
resistant  than  sources  east  of  the  crest  (122). 

Closely  related  to  P.  ponderosa  in  appearance 
is  P.  washoensis.  This  rare  pine,  which  is  often 
wrongly  identified  as  P.  ponderosa  var.  ponder- 

osa, is  known  to  be  in  only  three  areas:  east 
slope  of  Mount  Rose,  Nevada ;  southern  Warner 
Mountains,  northeast  California;  and  Bald 
Mountain  Range  in  the  eastern  Sierra  Nevada. 
Both  its  male  and  developing,  second-year  fe- 

male cones  are  purple  to  purplish  black,  unlike 
ponderosa  pine.  Washoe  pine  flowers  in  July; 
its  cones  mature  in  August  and  September  and 
open  in  September.  Cones  and  seeds  are  handled 
in  the  same  manner  as  var.  ponderosa,  and  its 
seeds  germinate  promptly  after  a  60-day  cold 
stratification  (Jt7,122). 

Phius  pu.ngens — Seed  weight,  cone  length  and 
width  appear  to  decrease  as  elevation  increases 
and  as  latitude  decreases.  Cone  serotiny  is  most 
common  in  the  southern  part  of  the  range.  No 
distinct  varieties  are  recognized  (274). 

Pinus  radiata — Monterey  pine  occurs  natu- 
rally in  four  relatively  small  and  well  separated 

populations.  The  var.  binata  occurs  on  San 
Guadalupe  Island  and  is  slower  growing  than 
the  three  mainland  populations  (Monterey, 
Cambria,  and  Aho  Nuevo  Point).  The  Cambria 
population  has  the  largest  cones  and  seeds,  and 
the  Monterey  population  has  the  smallest  (70). 
In  tests  in  Australia,  trees  of  Cambria  origin 
did  not  do  as  well  as  those  from  the  Afio  Nuevo 
Point  and  Monterey  populations  (69). 

Pi)ius  rfsi)iosa — This  species  is  considered 
one  of  the  least  variable  of  the  pines,  and  no 
subspecies  or  varieties  are  recognized  (7i,  266). 
However,  some  height  growth,  form,  and  wood 
quality  diflferences  may  exist  among  populations 
in  the  Lake  States,  New  England  States,  and 
West  Virginia.  In  northern  sources,  seeds  are 
often  smaller,  lammas  frequency  is  generally 
less,  and  frost  resistance  is  higher  than  in 
southern  sources  (7^). 

Pinus  rigida — No  distinct  geographic  sources- 
are  known,  but  there  are  variations  in  form  and 
development  between  populations.  Throughout 
mo.st  of  the  range,  trees  consistently  open  cones 
and  shed  seeds  soon  after  maturity ;  in  southern 
New  Jersey  the  vast  majority  bear  cones  that 
remain  closed  at  maturity  and  only  open  at 
irregular  intervals  (6,  71).  The  latter  trees  are 
characteristic  of  areas  with  a  history  of  wildi fires  (71). 

Pinus  salmiiana—Seeds  from  populations  in  { 
mild  climate  areas  germinated  more  quickly 
after  stratification  than  those  from  the  colder 
areas.  Seedlings  of  southern  origin  grew  longer 
than  those  of  northern  origin.  Larger  cones  wer( 
more  frequent  in  the  northwest  part  of  theo 
range  than  in  the  Sierra  Nevada  (82). 
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Pinus  serotina — Cone  serotiny  is  greater  in 
southern  and  coastal  populations  than  in  north- 

ern and  Piedmont  populations  (2H). 
Pinus  sibirica — Distinct  differences  in  growth 

rate,  branching  habit  and  fat  content  of  seeds 
exist  between  certain  populations.  No  varieties 
are  recognized,  but  several  forms  have  been 
described.  Pinus  sibirica  f.  hnmistrata  is  a 
dwarf  form  that  grows  on  mountain  summits 
and  ridges.  Pi)ius  sibirica  f.  coro)ia)is  has  a  wide 
and  dense  crown,  is  reasonably  drought  resist- 

ant, and  is  found  from  sea  level  to  6.600  feet. 
Pinus  sibirica  f.  turfosa  grows  on  peat  (185). 

Pinus  sijlvestris — Scotch  pine,  the  most 
widely  planted  introduced  species  in  the  United 
States,  is  probably  the  most  intensively  .studied 
of  all  pines.  The  first  comparative  pine  seed 
source  trials  involved  this  species.  It  is  the  pine 
with  the  greatest  natural  range,  and  it  grows 
in  many  different  ecological  situations  (266, 
26 S).  Numerous  varieties,  forms,  and  ecotypes 
have  been  described.  A  conservative  estimate  of 
the  number  of  geographic  varieties  ranges  from 
21  to  52  (268).  There  is  also  considerable  varia- 

tion within  named  varieties.  Sources  differ  in 

many  characteristics  including  seed  size,  ger- 
mination, dormancy,  seed  and  cone  color,  tree 

form,  growth  rate,  structure  of  root  system, 
flowering  characteristics,  needle  color,  and  sus- 

ceptibility to  heat,  cold,  or  drought  (28,  186, 
220,  266,  268).  Seed  size  decreases  from  the 
south  (44,200  per  pound  in  Spain)  to  the  north 
(127,000  per  pound  in  Lapland)  (101).  Growth 
rate  tends  to  decrease  from  southern  to  north- 

ern sources.  In  tests  in  Sweden,  southern 
sources  grew  faster  and  later  in  the  autumn 

than  did  northern  soui'ces  (117).  Similar  results 
were  found  in  Michigan  tests,  where  certain 
French  sources  grew  three  times  as  tall  as 
northern  Finnish  and  northern  Siberian  sources 
(266,  268).  The  more  southern  sources,  however, 
were  more  susceptible  to  low  temperatures  than 
northern  sources.  Under  Canadian  prairie  condi- 

tions, Russian  and  Finnish  sources  survived 
better  than  more  southerly  sources  (i2).  In 
Michigan,  needles  of  Spanish,  southern  France, 
Balkans,  and  Asia  Minor  origins  remained 
green  during  the  winter,  while  those  of  Siberian 
and  Scandinavian  origins  turned  yellow  (266, 
268).  In  tests  conducted  in  Sweden,  seed  origin 
influenced  germination  rate  at  a  given  tempera- 

ture. Sources  from  northern  latitudes  or  high 
elevations  germinated  well  over  a  wider  range 
of  temperatures  than  those  of  southern  latitudes 
or  low  elevations  (117).  Sources  in  the  extreme 
northern  parts  of  the  range  and  certain  sources 
from  Turkey  and  Greece  show  the  greatest  seed 
dormancy  (101).  Lack  of  a  fully  developed  em- 

bryo accounts  for  part  of  the  dormancy  of 
northern    sources    (116).    In    some    European 

localities,  introduced  sources  have  produced 
better  trees  than  local  sources. 

Pinxs  strobus — Seeds  from  the  western  part 
of  the  range  are  lighter  than  seeds  from  the 

eastern  part,  and  seeds  of  southern  origin  re- 
quire a  longer  stratification  period  than  those 

of  northern  origin  (72,  162,  26 It).  Field  tests 
have  demonstrated  that  southern  sources,  such 
as  those  from  the  southern  Appalachians,  tend 
to  grow  fa.ster  and  to  continue  shoot  elongation 
longer  in  the  fall  than  do  northern  sources  (73, 
265).  In  artificial  freezing  studies  and  field 
observations  in  the  northern  Lake  States,  south- 

ern sources  are  more  sensitive  to  low  tempera- 
tures (162,  196).  In  fall,  seedlings  of  eastern 

origin  had  blue-green  foliage  compared  to  the 
yellow-green  foliage  of  northwestern  sources 
(267). 

Pi)ius  taeda — Numerous  field  studies  have 
demonstrated  definite  geographic  variations  in 
growth  rate,  drought  and  cold  hardiness,  disease 
resistance,  and  survival.  Seedlings  of  Maryland 
origin  tend  to  grow  less  than  those  of  other 
origin  when  planted  in  different  locations 
(260,  261).  Southern  sources  outgrow  northern 
sources  in  South  Africa  (210).  In  many  of  the 
tests,  local  seed  sources  were  best.  Sources  west 
of  the  Mississippi  River  are  more  drought  and 
disease  resistant  than  most  of  the  ea.stern 
sources.  And  southern  sources  tend  to  be  more 
susceptible  to  low  temperature  damage  than 
northern  sources  (260). 

Pinus  thunbergiana — The  better  formed  trees 
are  from  inland  sources  (11(5). 

Pimis  torreiiana — In  a  common  planting  on 
the  California  mainland,  trees  of  mainland 
origin  grew  taller  and  had  a  single  trunk,  while 
trees  from  a  Santa  Rosa  Island  source  were 
slower  growing,  bushy,  and  freely  branched. 
The  island  source  produced  larger  cones   (86). 

Numerous  pine  hybrids  have  been  described. 
As  a  conservative  estimate,  at  least  200  first- 
generation  and  second-generation  hybrids  as 
well  as  backcrosses,  crosses  between  varieties 
of  the  same  species,  and  crosses  involving  three 
or  more  different  species  either  occur  naturally 
or  have  been  produced  artificially  (122,  HI,  169, 
266).  No  attempt  is  made  here  to  provide  yield 
statistics  for  the  numerous  hybrids,  since  such 
data  are  highly  variable.  The  number  of  sound 
seeds  produced  depends  on  the  species  and  indi- 

vidual trees  involved,  as  well  as  on  the  environ- 
mental conditions  under  which  the  cross  is  made. 

Some  natural  hybrids  are  relatively  common ; 
e.g.,  P.  palustris  X  taeda,  known  as  Sonder- 
egger  pine,  which  occurs  in  Louisiana  and  else- 

where in  the  South  (36),  and  P.  contorfa  X 
banksia)ia  in  central  Alberta  and  southwestern 

Mackenzie  (272).  Most  other  hybrids  occasion- 
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ally  occur  where  the  two  parent  species  are 
naturally  associated.  Examples  of  this  in  Cali- 

fornia are  P.  ponder osa  x  jeffreyi,  P.  jeffreyi 
X  coulferi,  P.  radiata  X  attenuata  {IfS,  16!)). 
In  the  South  are  P.  taeda  X  echinata  in  east 
Texas,  and  P.  taeda  X  serotiyia  throughout  their 
common  range  H5,  2H,  266).  The  hybrid 
between  P.  densiflora  and  P.  thnnbergiana 
occurs  naturally  in  Japan  but  has  also  been 
produced  spontaneously  in  plantations  of  these 
species  in  Michigan  (26J,).  In  Europe,  P.  .tyl- 
vestris  occasionally  crosses  naturally  with  both 
P.  )iiffra  and  P.  mugo  where  these  species  are 
planted  near  one  another  (266).  These  are  but 
a  few  of  the  many  hybrids  which  have  been 
reported  to  occur  naturally. 

Several  pine  hybrids  have  been  produced  in 
relatively  large  numbers  by  controlled  pollina- 

tion methods.  These  include  P.  rigida  x  taeda, 
which  is  an  important  hybrid  in  the  reforesta- 

tion program  in  Korea,  and  P.  attenuata  X 
radiata,  which  is  being  planted  in  California  and 
Oregon  (83,  106).  Many  other  hybrids  are  being 
produced  in  smaller  numbers  and  tested  for 
their  suitability  in  various  parts  of  the  United 
States. 

Flowering  and  fruiting. — In  certain  species, 
reproductive  structures  are  first  formed  when 
the  trees  are  only  5  to  10  years  old — e.g.,  P. 
atte)iuata,  P.  banJxsiana,  P.  clausa,  and  P.  con- 

torta;  in  others  they  do  not  form  until  the  trees 
are  much  older — e.g.,  P.  lanibertiana  and  P. 
resinosa  (table  3).  Pines  are  monoecious  with 
male  (microsporangiate)  and  female  (mega- 
sporangiate)  strobili  borne  separately  on  the 
same  tree.  Male  strobili  predominate  on  the 
basal  part  of  new  shoots,  mo.stly  on  older  lateral 
branches  in  the  lower  crown.  Female  strobili 
are  found  most  often  in  the  upper  crown,  pri- 

marily at  the  apical  end  of  the  main  branches  in 
the  position  of  subterminal  or  lateral  buds.  But 
frequent  exceptions  will  be  found  to  this  general 
scheme.  For  example,  P.  ba)iksiana,  P.  clausa, 
P.  radiata,  or  P.  attenuata  are  multinodal  in  the 
bud,  and  female  strobili  are  found  occasionally 
at  a  secondary  whorl  position  (71,  122).  Pinus 
attenuata,  P.  radiata,  and  P.  virginiana  fre- 

quently produce  female  strobili  in  all  parts  of 
the  crown  (71,  122).  In  temperate  climates,  the 
earliest  stages  of  male  and  female  strobili  can 
be  detected  in  the  developing  buds  during  the 
summer  or  fall ;  the  male  develops  1  to  several 
weeks  before  the  female  strobilus  (76, 122,  169). 

Male  and  female  strobili  of  the  southern  and 
tropical  pines  emerge  from  buds  in  late  winter; 
e.g.  P.  elliottii  var.  dejisa,  P.  elliottii  var.  el- 
liottii,  P.  glabra,  and  P.  palvstris.  Strobili  of 
other  pines  emerge  from  the  bud  in  early  spring, 
or  late  spring  and  early  summer  (table  2).  The 
male  strobili  are  arranged  in  indistinct  spirals 

Table  2. — Pinvs:   phenology  of  flowering  a7id  fruiting 

Species Location 
Flowering 

dates 
Cone  ripening 

dates 
Seed  dispersal 

dates 

Data 

source 

P.  albicaulis    California    July   
P.  aristata    Arizona    July-August  - 
P.  armandii    California    April-May   
P.  attenuata           do            April 
P.  halfouriana           do        July-August 
P.  banksiana    Lake  States    May-June 
P.  brutia    California    March-May 
P .  canariensis           do     April-May 
P.  caribaea    Cuba    January-Feb- 

P.  cembra   
P.  cembroides. 
P.  clausa 

P.  contort  a 
var.  con  tort  a 
var.  lati folia 

var.  murrayana 
P.  coulter!   
P.  densiflora   
P.  echinata   
P.  edulis     
P.  elliottii 

var.  densa 

var.  elliottii 

P.  engelmanniL 
P.  flexilis   

ruary. 

Germany    May 
California..      May-June       
Florida    September-De- cember. 

California 

Rocky  Moun- tains. 
California 

do           
do     

South  Carolina 
Arizona   

May-June June-July 

Mav-June 
do   

April       
March-ApriL 
June   

August-September.. 
September-October 
August  . 
January-February.. 
September-October. 
September 
January-March 
September 
July-August 

.A.  u  gust-October 
November-December. 
September 

September-October 
August-September 

September-October 
August-September 
do    

October-November. 
September           

not  shed  '.       122,  2J,0 
September-October    181,206 
August-September  122 
closed  cone  -  122 
September-October..       122,225 
September  ̂   ...  71 
closed  cone"    122 
September-October.        122 
September       .750 

not  shed'        194 
November-December      122 
September'.    29,235 

FalP 

September-October  ■ 
do   

October"           
September-October October-November 

September-October 

122,  235 237 

122 
122,  235 
122 
71~235 

132, 133,  13i 

Southern 
Florida. 

Florida   

Arizona 
California, 

Montana. 

January-April 

January-Feb- ruary. 

May         
June-July   

August-September 

September-October 

November-December 
August-September 

September- November     30 

October  ...  59 

November-February...    62,  235 
September-October         122 
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Table  2. — Phu/s:  plutiologij  uf  floiveriny  and  fruiting — Continued 

Species Location 
Flowering- dates 

Cone  ripening 
dates 

Seed  dispersal 
dates 

Data 
source 

P.  gerardiana      California, 
India. 

Mississippi 

May-June .  September-October November            .    .. 233 

P.  glabra February- 
October October-November 59 

March. 
P.  halepensis France 

May- June September Fall 

U7 

P.  heldreichii California, 
Italy. 

May-July August- September SeiJtembcr-October 
39,122 

P.  insularis Philippines   January- March. 
October- January February-March 111,129,  250 

P.jeffreyi    ____      California June-July August-.Sei)tember_ September-October 
122 

P.  koraieyisis. Japan May-June September October 9 
P.  lanibertiana       . California       June- July August-Sei)tember August-October 

122 

P.  leiophyUa  var. do       
May-June November*    . 

December-January 235,  252 
chihuahuana. 

P.  merkusii   Thailand January 
April-June     __  .     

May-July 

iO, 168 
P.  monophylla California, 

Nevada. 

May 

August.            September-October 27,  198 

P.  monticola     .  __ _  Idaho June-July_ 

do 

August-September 

237 

P.  mugo           Europe 
May-June October November-December 

H7,  17  U P.  muricata  ^.  ..__    . California 
April-June September 

Midwinter  ■' 

122 

P.  nigra         Ontario, 
Canada. 

May-June September-November October-November 

12  If 

P.  palustris Southeastern 
United  States. 

February- 
March, 

September-October do         _    .     .  _    .. 59,  253 

P.  parviflora Japan May-June September               November 9 
P.  patula   _    .  California, 

Mexico. 
February-April December   

Midwinter'       
1,6,  H8 

P.  pence       .        Europe May             _     . Fall 
Fall 

5,  58 
P.  pinaster   California, April            November-December 

December-January  ' 62. 17 h,  190 Europe. 
P.  pinea Europe            May-June 

Late  sununer ' 
Late  sununer 77,  11,7 

P.  ponderosa 
var.  arizonica Arizona 

May 

September-October 
October 191 

var.  ponderosa California 
April- June August-September .A.ugust-September 122,  235 

var.  scopulorum South  Dakota, 
Colorado 

May-June do    .     . September- January 249 

P.  pumila Russia 

July 

Fall  or  not  shed  ' 51, 163 P.  pungens    California,  West March-April Fall                      Fall  ̂          235 
Virginia. 

P.  quadrifolia California June September                September-October 

122 

P.  radiata do 
January-Feb- ruary. 

November      ..      .    

Midwinter" 

122,  130 

P.  resinosa     California,  Lake 
States. April-June August-October October-November 71 

P.  rig  Ida           New  Jersey 

May 

September                    

Fall ' 

H2,1J,3 P.  roxburghii India February-April Winter   
April-May"      

233 
P.  sabiniana California March-April October              _. October "'          122 
P.  serotina .  Southeastern 

United  States. 

do 

September 

Spring  "^ 

lU 

P.  sibirica Russia 

May 

August-September 

not  shed  ' 

232 
P.  strobiformis       _ Arizona June September September-October 

191 

P.  strobus   Northeastern 
United  States. 

May-June August-September August-September 
80,81 

P.  sylvesfris California, 
Great  Britain. 

do 

September-October December-March 31,,  122 
P.  taeda      Southeastern 

United  States. 
February-April do October-December 59,  71 

P.  thunbergiana Japan,  Long 
Island. 

April-May October-November November-December 

US,  177 
P.  torreyana.      ^ California 

February- 
March. June-July  ' 

September  " 

122,  225 

P.  virginiana  . Eastern  United 
States. 

March-May September-November 
October-November ' 215 

P.  wallichiana   India 
April-June August-October September-November 

233 

'  Seeds  are  dispersed  when  the  detached  cone  disintegrates. 
"  Cones  do  not  open  for  several  years  if  at  all;  seed  dispersal  normally  requires  fire. 
'  Many  cones  remain  closed  for  several  months  or  years. 
*  Cones  and  seeds  mature  in  the  third  year. 
'^  Heavy  to  massive,  the  cones  open  slowly  and  shed  seeds  over  periods  of  several  months. 
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in  clusters  0.5  to  2  inches  long  (51,  181,  209, 
225).  Before  ripening  they  can  be  green  or 
yellow  to  reddish  purple,  but  are  light  brown 
to  brown  at  the  time  of  pollen  shed;  in  most 
species  they  fall  soon  after  ripening.  Female 
strobili  emerge  from  the  winter  bud  shortly 
after  the  male  strobili  and  are  green  or  red  to 
purple  {51,  71,  181,  225).  At  the  time  of  pollina- 

tion they  are  nearly  erect,  and  0.4  to  1.5  inches 
long  and  sometimes  longer.  After  pollination, 
scales  of  the  female  strobili  close,  and  the 
strobili  begin  a  slow  development.  At  the  end  of 
the  first  growing  season  they  are  about  one- 
eighth  to  one-fifth  the  length  of  mature  cones. 
Where  temperatures  are  favorable,  development 
continues  through  the  winter  as  in  P.  elliottU 
var.  elliottU  in  Florida,  and  in  P.  attenuata  and 
P.  ponder osa  at  low  elevations  in  the  Sierra 
Nevada  {122,  25 It).  Fertilization  takes  place  in 
spring  or  early  summer  about  13  months  after 
pollination,  and  the  cones  begin  to  grow  rapidly. 
Growth  of  a  new  shoot  leaves  the  developing 
cone  in  a  lateral  position.  As  the  cones  mature 
they  gradually  turn  from  green,  purple,  or 
violet  purple  to  yellow,  light  brown,  reddish 
brown,  or  dark  brown  (table  3). 

Cones  and  seeds  of  most  species  mature 
rapidly  during  late  summer  and  fall  of  the 
second  year  (table  2).  Cones  of  a  few  species 
mature  during  late  winter  of  the  second  year  or 
early  spring  of  the  third  year ;  e.g.,  P.  attenuata, 
P.  brutia,  and  P.  merkii.sii  {25,  J,0,  122).  Seeds 
of  P.  attenuata  and  P.  brutia  are  mature  during 
the  fall,  about  16  to  18  months  after  pollination, 
but  the  cones  are  not  fully  developed  until  late 
winter  {25,  122).  Pi)ius  leiophylla,  P.  leioph]illa 
var.  chihuahnana,  and  P.  pinea  require  a  full  3 
years  for  their  seeds  and  cones  to  ripen  (57, 
13f>).  The  requirements  of  P.  torreyana  are  .still 
unclear.  This  species  has  been  described  as  need- 

ing 3  years  to  mature  its  seed,  but  there  is 
evidence  that  the  seeds  mature  in  2  years,  with 
the  cones  requiring  3  years  to  open  {122). 

The  interval  between  large  cone  crops  is 
variable  and  depends  on  the  species  and  environ- 

mental factors.  Some  species  consistently  pro- 
duce a  large  crop  every  year,  while  others  show 

a  cyclic  pattern  of  2  to  10  years  between  large 
cone  crops  (table  3). 

Mature  cones  (fig.  1)  vary  widely  in  size  and 
weight.  Those  of  P.  mugo  are  1  to  2  inches  long 
and  weigh  about  0.06  ounce,  while  those  of  P. 
lambertiana  may  be  12  to  25  inches  long  and 
weigh  about  1  to  2  pounds.  Those  of  P.  sabiniana 
and  P.  cnulteri  often  weigh  more  than  2  pounds 
{51,  180,  225). 
The  mature  cone  consists  of  overlapping 

woody  scales,  each  of  which  bears  two  seeds  at 
the  base  on  the  upper  surface.  The  cones  of  movst 
species  open  on  the  tree  shortly  after  ripening. 

and  the  seeds  are  rapidly  dispersed  (table  2). 
Drying  causes  the  cone  scales  to  separate  owing 
to  differential  contraction  of  two  tissue  systems : 

woody  strands  of  short,  thick-walled,  tracheid- 
like  cells  extending  from  the  cone  axis  to  the 
tip  of  the  cone  scales,  and  thick-walled  scleron- 
chyma  cells  in  the  abaxial  zone  of  the  scale  {2, 
229).  In  a  few  species  with  massive  cones,  the 
scales  separate  slowly,  and  seeds  are  shed  over 
periods  of  several  months;  e.g.,  P.  coulteri,  P. 
roxburghii,  P.  sabi)iia)ta,  and  P.  torreyana 
{225,  233). 

In  some  species  part  or  all  of  the  mature  cones 
remain  closed  from  several  to  many  years  or 
open  on  the  tree  only  at  irregular  intervals ;  e.g., 
P.  attenuata,  P.  banksiana,  P.  brutia,  P.  clausa, 
P.  contorta  var.  latifolia,  P.  halepensis,  P. 
muricata,  P.  pinaster,  P.  pungens,  P.  radiata, 
and  P.  rigida  {51,  71,  22.5).  In  addition  to  their 
closed-cone  habit  (serotinous  cones),  P.  bank- 
sia)ia,  P.  clausa,  P.  rigida,  and  P.  contorta  have 
forms  whose  cones  open  promptly  at  maturity 
{29,  71,  196,  197).  The  closed-cone  habit  is  the 
result  of  three  factors:  (a)  extremely  strong 
adhesion  between  adjacent,  overlapping  cone 
scales  beyond  the  ends  of  the  winged  seeds  {138, 
126);  (b)  cone  structure;  and  (c)  the  nature 
of  the  two  tissue  systems  in  the  scales  described 
above.  The  scales  apparently  are  held  together 
by  a  resinous  substance.  The  melting  point  of 
the  resin  seal  lor  P.  contorta  var.  latifolia  is 

between  113  :n\c\  122°  F.  {ii).  Heat,  especially 
that  from  fire,  melts  the  resin  and  permits  the 
cones  to  open.  Still  other  species  shed  partly 
opened  or  unopened  cones,  and  the  seeds  are 
dispersed  only  when  the  cones  have  disinte- 

grated on  the  ground;  e.g.,  P.  albicauKs,  P. 
cembra,  P.  pum.'a.  and  P.  sibirica  {51,  169,  185, 225). 

Commonly,  cones  that  opened  on  the  tree  are 
shed  within  a  few  months  to  a  year  after  the 
seeds  are  dispersed.  In  some  species,  however, 
opened  cones  may  remain  on  the  trees  for  up  to 
5  years  or  indefinitely;  e.g.,  P.  attenuata,  P. 
contorta  var.  latifolia,  and  P.  rigida  {71,  225). 

Mature  seeds  vary  widely  in  size,  shape,  and 
color  {247a)  (fig.  2).  They  range  in  length  from 
one-sixteenth  to  one-tenth  inch  (2  to  3  mm.)  for 
P.  banksiana  to  more  than  three-fourths  inch 
(19  mm.)  for  P.  sabiniana.  They  are  ellipsoid 
(P.  radiata),  pear-shaped  (P.  pumila) ,  cylindric 
(P.  gerardiana),  more  or  less  triangular  (P. 
pungens),  ovoid  (P.  peuce),  or  convex  on  the 
inner  and  flattened  on  the  outer  side  (P.  pivea) 
{51,  180).  The  seedcoat,  which  may  be  reddish, 
purplish,  greyish,  brown,  or  black,  and  is  often 
mottled,  can  be  rather  thin  and  papery  to  hard 
and  even  stony  {51,  209,  225). 

In  most  species  a  membranous  wing  is  at- 
tached to  the  seed,  but  in  some  species  the  wings 
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P.  albicaulis 
whitebark  pine p.  arista  ta 

bristlecone  pine 

P.  cembr aides 
Mexican  pinyon 

P.  banl<siana 

jaci<  pine 

P.  engeimanii 
Apache  pine 

P.  flex  His 
limber  pine 

P.  attenuata 
knobcone  pine 

P.  clausa  ̂  

sand  pine 

P.  leiophylla  var.  chihuahuana chihuahua  pine 

Figure  1. — Pinus:  mature  cones  c oUected  before  seed  dispersal,  V2   X- 
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P.  monopnylla 
sLngleleaf  pinyon 

P.  rigida 
pitch  pine 

P.  strobiformis 

southwestern  white  pine 

P.  ponderosa  var.  arizonica 
Arizona  pine 

P.  ponderosa  var.  scopulorum 
Rocky  Mountain  ponderosa  pine 

»   -^.1 

/-
 

v.*   ¥    * 

P.  pungens 
Table-Mountain  pine 

P.  sylvestris 
Scotch  pine 

P.  serotina 

pond  pine 

p.  virginiana 

Virginia  pine 

FiGtJRE  1. — Pinus:  mature  cones  collected  before  seed  dispersal,   V2    X — Continued. 
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whitebark  pine         bristlecone  pine  Armand  pine 

P.  attenuata 
knobcone  pine 

P.  balfouriana 
foxtail  pine 

\^^ 

r^ 

p.  banksiana 

jack  pine 

P.  brutia 

Calabrian  pine 
P.  bungeana 
lacebark  pine 

P.  cembroides 
Mexican  pine 

P.  clausa 

sand  pine 

.^^ 

P-  contorta  var.  murrayana 
Sierra  Nevada  lodgepole  pine 

P.  coulteri 
Coulter  pine 

P.  densi flora  P.  echinata 

Japanese  red  pine  shortleaf  pine 

|P*'~
^- 

"^i^ 

p.  edulis 

pinyon 

P.  elliottii  var.  elliottii 
slash  pine 

P.  engelmannii 

Apache  pine 

P.  flexills 
limber  pine P.  gerardiana chilgoza  pine 

'"'iiifc'i*^'"    — 

4r-  — . 

#SS 

P.  glabra 
spruce  pine 

P.  halepensis 
Aleppo  pine 

P.  heldreichii 
Heldreich  pine 

P.  insular  is 
Khasi  pine 

P.  Jeffrey! 
Jeffrey  pine 

^ 

P.  koraiensis  P.  lambeniana  P.  leiophylla  var.  chihuahuana  P.  merkusii  P  monophylla 
Korean  pine  sugar  pine  Chihuahua  pine  Merkus  pine  smgleleaf  pinyon 

Figure  2. — Pinus:  seeds  as  shed  naturally  from  their  cones,  1  X;  some  are  wingless  when  shed. 
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P.  muricata 
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P.  nigra 

Austrian  pine 
P.  palustris 
longleaf  pine 

P.  patula 
Mexican  weeping  pine 
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P.  peace  P.  pinaster  P.  pinea  P.  ponderosa  var  arizonica        P.  ponderosa  var.  ponderosa 
Balkan  pine  Maritime  pine       Italian  stone  pine        Arizona  pine  ponderosa  pine 

P.  ponderosa  var.  scopulorum  P.  pumila  P.  pungens 

Rocky  Mountain  ponderosa  pine      Japanese  stone  pine  Table-Mountain  pine 

U     •  "V-^^yf 

P.  quadrifolia 
Parry  pinyon 

P.  radiata 

Monterey  pine 

C 
P.  resinosa 

red  pine 

P.  rigida 

pitch  pine 

P.  sabiniana 

Digger  pine 

P.  se retina 

pond  pine 

^ 

P.  sibirica 

Siberian  stone  pine 
^,i«^»^'^ P.  X  sondereggeri        P.  strobiformis  P.  strobus 

Sonderegger  pine         southwestern  white  pine         eastern  white  pine 

W 

P.  sylvestris 
Scotch  pine 
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t 
P.  taeda 

loblolly  pine 
P.  torreyana  P.  virginiana  P.  wallichiana 

Torrey  pine  Virginia  pine  blue  pine 

P.  washoensis 
Washoe  pine 

Figure  2. — Finns:  seeds  as  shed  naturally  from  their  cones,  1   X  ;  some  are  wingless  when  shed — Continued. 
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are  absent  or  rudimentary;  e.g.,  P.  albicaulis, 
P.  armandii,  P.  cembra,  P.  flexilis,  P.  gerar- 
diana,  P.  koraioisis,  P.  pumila,  P.  sibirica,  and 
P.  strobiformis  (209,  225,  233,  2i7a)  (fig.  2). 

In  others  the  wing  or  modified  "wings"  may remain  attached  to  the  cone  scales  when  the 
seeds  are  shed;  e.g.,  P.  ce^nbroides,  P.  edulis,  P. 
gerardiana,  P.  monophylla,  and  P.  qiiadrif olia 
(225,  233).  The  seed  wings  are  easily  detachable 
from  the  seed  of  most  hard  pines  except  P.  pinea, 
P.  roxburghii,  and  P.  canariensis;  those  of  the 
soft  pines  are  firmly  attached  except  for  P. 
aristata  and  certain  sources  of  P.  balfouriana 
(169,209,233). 

The  mature  seed  consists  of  a  seedcoat  which 
encloses  an  embryo  imbedded  in  a  food-storage 
tissue,  the  endosperm  (female  gametophyte). 
Attached  at  the  micropylar  end  of  the  whitish 
endosperm  is  a  brown  papery  cap,  the  remnant 
of  the  nucellus.  The  endosperm  and  papery  cap 
are  covered  by  a  thin,  brown,  membranous  ma- 

terial— the  remnant  of  the  inner  layer  of  the 
ovules  integument  (fig.  3). 

r9 mno. 

0 

Figure  3. — Phius  pondcrosa,  ponderosa  pine:  longitudi- 
nal section  through  a  seed,  6  X. 

Collection  of  cones. — Cones  should  be  collected 
from  trees  superior  in  growth  and  form  char- 

acteristics. Larger  cones  generally  contain  more 
seeds,  but  normally  all  cones  are  collected  except 
those  with  obvious  disease  and  insect  damage. 
Widely  spaced,  dominant  trees  with  full  crowns 
produce  the  most  seeds  per  cone,  provided  ade- 

quate pollen  from  other  trees  is  available.  When 
trees  are  isolated  and  pollen  from  other  trees  is 
limited,  seed  yield  tends  to  be  low.  In  dense, 
young  stands  most  species  usually  produce  little 
seed.  Those  species  which  form  fire  thickets  are 
exceptions;  e.g.,  P.  attennata,  P.  banksiana,  P. 
clausa,  P.  rigida,  and  P.  serotina  (71). 

Ripe  cones  can  be  collected  from  standing 
trees,  from  newly  felled  trees,  and  from  animal 
caches.  To  avoid  large  yields  of  immature  seed, 
collection  from  animal  caches  should  not  begin 
until  late  fall,  when  the  seeds  are  definitely 
mature  (205).  For  most  species,  cone  collections 
from  standing  trees  should  start  as  soon  as  the 
cones  are  ripe  and  just  cracking,  since  most 
seeds  are  shed  promptly  from  opening  cones. 
For  closed-cone  species,  collections  can  be  de- 

layed without  loss  of  seed,  and  frequently  delay 
is  even  desirable.  Although  seeds  may  be  ma- 

ture in  the  fall,  the  closed  cones  are  very  difficult 
to  open  at  that  time ;  additional  maturation  on 
the  tree  facilitates  both  cone  opening  and  seed 
extraction  (25,  122). 

To  avoid  extensive  collections  of  immature 
or  empty  seeds,  it  is  advisable  to  first  check 
ripeness  of  seeds  in  small  samples  of  cones  from 
individual  trees.  A  mature  seed  has  a  firm  white 

to  yellow,  or  cream-colored  "endosperm"  and  a 
white  to  yellow  embryo  which  nearly  fills  the 
endosperm  cavity.  With  experience  this  visual 
check  is  very  useful,  and  with  some  species  it 
may  be  essential. 

Ripeness  for  some  species  can  be  estimated 
by  changes  in  cone  color.  Colors  of  green  and 
ripe  cones  for  most  species  are  listed  in  table 
3.  For  example,  P.  ponderosa  var.  ponderosa 
cones  are  mature  when  the  color  changes  from 
green  or  yellow  green  to  brownish  green,  yellow 
brown,  or  russet  brown;  P.  resinosa  cones  turn 
from  green  to  purplish  with  reddish  brown  on 
the  sc^le  tips ;  P.  strobvs  cones  turn  from  green 
to  yellow  green  with  brown  on  the  scale  tips  or 
to  light  brown.  For  some  species  such  color 
change  comes  too  late  to  be  a  useful  index;  e.g., 
in  P.  palustris  the  ripe  cones  are  still  green  in 
color  and  may  have  already  started  to  open 
before  turning  brown  (254). 

For  species  in  which  changes  in  cone  color 
may  not  be  useful,  flotation  tests  of  cone  specific 
gravity  may  be.  These  tests  are  based  on  the 
fresh  weight  of  the  cone.  Species  for  which  cone 
specific  gravity  has  been  related  to  seed  maturity, 
and  their  appropriate  tests  are  shown  in  table  4. 
The  easiest  way  to  determine  if  cones  have 
reached  a  desired  specific  gravity  range  is  to 
see  if  samples  of  freshly  picked  cones  will  sink 
or  float  in  liquids  with  known  specific  gravities. 
Pinus  ponderosa  seeds  are  ripe  when  the  cones 
will  float  in  kerosene,  P.  sfrobus  is  ripe  when 
the  cones  just  float  in  linseed  oil,  and  P.  glabra 
is  ripe  when  the  cones  just  float  in  SAE  20 
motor  oil.  Cones  from  standing  or  felled  trees 
should  be  tested  only  when  fresh,  since  excessive 
drying  will  lead  to  erroneous  conclusions  as  to 
maturity.  I 

Collecting  from  felled  trees  should  only  takeij 
place  after  the  seeds  mature.  Otherwise  there-* 

618 



PINUS 

Table  4. — Pinus:  specific  gravity  of  ripe  cones  mid  liquids  used  for  testing  ripeness  by  flotation 

Species 
Specific  gravity 
of  ripe  cones 

Flotation 

test  liquid  ' 

Data 
source 

aristata     
contort  a  var.  latifolia. 
densi  flora   ._.   __ 
echinata       
edulis      
elMottii        
var.  densa       
var.  elliottii     —. 
glabra       
jeffreyL.   
lanihertiana   
palustris   
ponderosa        
var.  arizonica   
var.  ponderosa     
var.  scopulorum   
radiata      
resinosa    
serothiQ,   
strobiformis   
strob2is   
sylvestris   
taeda             
virginiana..       

0.59-0.80 
0.43-0.89 

1.10 
0.88 

0.80-0.8G 

<0.89 
<0.90 0.88 

0.81-0.86 
0.70-0.80 
0.80-0.89 

0.88-0.97 
0.80-0.86 

<0.8.5 

<1 

0.80-0.94 
0.88 

0.85-0.95 
0.92-0.97 
0.88-1.00 

0.88 

<1.00 

kerosene 

SAE  20  motor  oil,  or  1  part  kerosene  to  4  parts  linseed  oil 
kerosene    

SAE  20  motor  oil 
SAE  20  motor  oil 
SAE  20  motor  oil 

206 

U9 

269 

25^ 
20^ 
114 

254 

17 

203 
203 

254 

-              191 
kerosene        71 
kerosene            223 
water     _ ,  130 

kerosene"       71 

SAE  20  motor  oil 

95%  ethanol- 
linseed  oil   

SAE  20  motor  oil,  or  1  part  kerosene  to  4  parts  linseed  oil 

114,254 

191 

235 66, 131 

68 

'  Test  should  be  made  as  soon  after  picking  as  possible  to  prevent  excessive  drying;  the  liquids  have  the  following 
specific  gravities:  kerosene  0.80,  95  percent  ethanol  0.82,  SAE  20  motor  oil  0.88,  linseed  oil  0.9.3.  Five  or  more 
freshly  picked  cones  should  float  before  crop  is  considered  ripe. 

-  Red  pine  cones  which  float  in  a  50-50  mixture  of  linseed  oil  and  kerosene  are  within  10  days  of  being  ripe. 

is  a  risk  of  harvesting  immature  seeds.  In  some 
species,  e.g.,  P.  taeda  and  P.  echinata,  nearly 
mature  cones  can  ripen  in  the  crown  on  felled 
trees,  but  in  other  species  they  may  not  (25i). 
With  some  species,  slightly  immature  seeds  can 
be  successfully  ripened  in  the  cones  after  re- 

moval from  the  tree — (P.  eUiottii  var.  elliottii) 
{23,  25 Jf)  ;  in  cold  moist  storage — (P.  lam- 
hertiana)  (121)  ;  or  in  prolonged  cold  dry  stor- 

age in  closed  containers — (P.  virginiana)  (37). 
Such  methods  should  only  be  attempted  if 
completely  mature  seeds  cannot  be  collected. 

Cones  most  often  are  hand-picked,  either 
from  ladders  or  by  climbing  the  trees.  For 
some  species,  hand  cutters  or  a  cutting  hook 
must  be  used  to  detach  the  cones,  and  hooks  may 
be  needed  to  bring  the  cone-laden  branches  to 
the  picker.  With  certain  species,  mechanical 
tree  shakers  have  been  used  for  the  rapid  har- 

vesting of  cones;  e.g.,  P.  elliottii  var.  eUiottii, 
P.  pahistris,  and  P.  taeda  (119).  With  a  few 
others;  e.g.,  P.  edulis,  P.  monophylla,  and  P. 
quadrifolia,  large  amounts  of  seeds  are  col- 

lected by  shaking  the  tree  or  beating  the  crown 
to  extract  the  seeds,  and  then  gathering  them 
from  the  ground  (20^,  235). 

Cone  processing  and  seed  extraction. — Cones 
should  be  dried  immediately  after  collection  to 
avoid  mold  development  and  excessive  internal 
heating,  which  lead  to  rapid  seed  deterioration. 
Drying  can  be  accomplished  in  2  to  60  days  by 

immediately  spreading  the  fresh  cones  in  thin 
layers  on  a  dry  surface  in  the  sun,  or  on  trays 
in  a  well-ventilated  building,  or  by  placing 
them  in  sacks  hung  from  an  overhead  rack 
protected  from  rain  (205,  221,  223,  25/^).  The 

cones  should  dry  slowly  to  prevent  "case  hard- 
ening." After  initial  drying,  the  cones  can  be 

stored  temporarily  in  well-ventilated  bags  or 
trays.  For  many  species,  ripe  cones  open  satis- 

factorily under  the  above  conditions,  but  cones 
of  some  species  may  require  additional  heat  in 
either  a  cone  drying  kiln  or  a  heated  shed.  Prop- 

erly air-dried  cones  of  a  few  species  may  open 
satisfactorily  after  a  few  hours  in  a  kiln,  but 
those  of  other  species  may  require  several  days. 
Cones  of  most  species  can  be  opened  at  kiln 

temperatures  not  exceeding  130"  F.  and  a 
humidity  of  about  20  percent;  but  cones  of  a 
few  species,  e.g.,  P.  banksia)ia,  P.  clausa,  P. 
po)iderosa  var.  scopidorum,  require  higher 
temperatures   (205,  221,  223,  235)    (table  5). 

Cones  stored  long  enough  in  containers  to 
have  dried  without  opening  or  cones  dried  under 
cool  conditions  may  not  open  properly  during 
kiln  drying.  In  such  cases,  the  cones  must  be 
soaked  in  water  for  12  to  24  hours,  and  then 
kiln  dried  before  they  will  open  satisfactorily 

(223). 
Serotinous  cones  have  been  opened  by  dipping 

them  in  boiling  water  for  10  to  120  seconds. 
Immersion  times  up  to  10  minutes,  however, 
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Table  5. — Pinus:  cone  processing  schedules  and  viable  periods  for  seeds  in  cold  storage 

Cone  processing  schedule 

Species 

-   
Viable  period  for  seeds 

Time  in 

Air- 

drying 

Kiln  drying 

Data in  col 

d  storage ' 
Mean boiling 

water 

time ' 

Time 

temper- ature 

source Time Data  source 

Seconds 
Days 

Hours 

"F. 

Years 

0 15-30 0 
122 

8 122, 166 
0 2-8 0 206 9 166,20  a 
0 

15 
0 

122 

15-30 1-3 
48 120 122 16 122,  202 

0 2-8 0 122 16 122,  202 
0 

2-4 

150 
126 10 122,  213 

10-30 
3-10 

0 126 
0 

3-20 
0 

78, 122 
3 122,  202 

0 10 
130 

78, 122 0 

2-i'o 

0 
.... 

122 

Is 

122,  202 
.... .... 3 

150 

.... 

1  + 

172 
0 2-8 b 

'l22 

10-30 1 2-4 145 
in,  138 

5 29 

0 
2-20 

0 63, 122 

17 

122,  202 
0 96 120 

63,  122 
" 30-60 2-30 

0 

H9 

"7  + 

202,  2k2 

0 6-8 
140 

235 
0 

2-20 
0 

63, 122 
17 

122,  202 0-120 3-15 
0 122 5 122, 166 

0 72 
120 122 

0-30 
3-4 0 

196,  26U 
2-5 

98,177, 

0 48 105 
159,  25 h 

35 159,  255 
0 2 0 

20U 

.... -- 

0 
8-10 120 

22 

0 

"i 

0 22 
0 

8-10 120 

25U 

35 113,226 
0 

42 
0 

25U 

0 60 
110 

235 
0 15-30 0 

122 
5 122,  219 

0 
15 

0 
122 

0 .__ 48 100 

17 

1  + 

15,16 
0 

10 

130 
122 10 

78, 112 0 
3-10 

0 118, 122 
0 

5-20 
0 122 

0 
5-20 

0 122,  U6 

0 24 
120 122 

18 

166, 122 
0 5-7 

0 
122 

0 

24 

120 122 

21 

202,  2U6 

0 5-7 0 122 
0 5-7 0 122 

2  + 

78 

0 2-3 0 
122 

0 14 
110 

122,  21,3 20 202,  21,6 
0 5-7 0 
0 

48 

120 122, 17  U 
5 112,171, 

0 48 
120 

63 
0 

24 

115 

17  A 

10  + 

98 

0 
3-io 

0 122 
0 48 100 

25h 

5-10 

U,  157 

0 
5-15 

0 122 
15-30 1-2 48 115 122 21 122,  202 

0 
115 118, 17U 

11 
112,166 0 

4-io 
0 118,122 

— - .... 

18 

202 
0 60 

110 
235 

0 3 
120 

26,122,235 

18 

26,  202 0 
4-12 

0 26, 122,  235 
0 2 

165 
67 

15  + 

67 

0 
4-12 

0 .... 
122 

6 
0 30 72 0 

120 3 
3 

9 

98 

P.  albicaulis "   
P.  aristata   
P.  armandii   
P.  attenuata   
P.  balfouriana   
P.  banksiana   

P.  brutia   

P.  canariensis   
P.  caribaea   
P.  cembra  ̂    
P.  cembroides  '   
P.  clausa     
P.  contorta 

var.  contorta   

var.  latifolia       _ 

var.  murrayana 
P.  coulteri       

P.  densiflora   
P.  echinata   
P.  edulis  *   
P.  elUottii 

var.  densa   

var.  eliiottii   

P.  engelmannii   
P.  flexilis       
P.  gerardiana   
P.  glabra 
P.  halepensis   

P.  heldreichii      
P.  insularis 
P.  jeffreyi       

P.  lambertiana   

P.  merkusii   

P.  monophylla  *   P.  monticola   

P.miigo          
P.  muricata   
P.  7iigra         

P.  palustris       _  . 
P.  parviflora,      
P.  patula.      
P.  pinaster   

P.  pinea    
P.  ponderosa 

var.  arizonica 
var.  ponderosa 

var.  scopulorum 

P.  pumila  •■'   P.  pimgens^   
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Table  5. — Pinus:  cone  processing  schedules  and  viable  periods  for  seeds  in  cold  storage — Continued 

Species 

Cone  processing  schedule 

Time  in 

Air- 

Kiln 

drying- 
Data 

boilinp dryinp Mean 
water 

time  ' 

T ime 

temper- ature 
source 

Seconds 
Days 

H ours 

°F. 

0 2-8 0 
122 60-120 0 

48 

-72 

120 246 
60-120 3-7 0 

246 

0 9 
130 

221,238 
52 

0 
233 

0 48 
120 

122 
0 -- 

48 
105 

lU 

0 
14 

"o 

191 
0 

4- 

-12 

130 221 
0 

10- 

-16 

120 
176,212 

0 3-7 0 122 
0 

48 
105 

159,254 
0-30 5-20 

0 122,177 
0 

5-20 
0 122 

0 2 
170 

37 

Viable  period  for  seeds 

in  cold  storage  " 
Time Data  source 

P.  quadrifolia  \   -.  . 
P.  radiata     __       _ , 

P.  resinosa...   

P.  rigida"     _... 
P.  roxburghii  -    
P.  sabiniana   
P.  serotina   

P.  sibirica^      . 
P.  strobiformis 
P.  strobus            . 
P.  sylvestris-   

P.  taeda   
P.  thunbergiana     . 
P.  torreyana_. 
P.  virginiana 

'  Air-drying  times  are  for  a  temperature  range  of  60° 
by  an  air-drying  period  that  was  not  reported  for  most  sp 
times  are  listed. 

"  Period  after  which  at  least  50  percent  of  the  seeds  ger 
were  either  0'  to  5°  F.  or  33°  to  41°  F.  The  lower  range 
percent  were  satisfactory. 

'P.  albicaulis,  P.  cembra,  P.  pumila,  and  P.  sibu'ica:  Co 
*  P.  cembroides,  P.  edulis,  P.  vwnophylla,  and  P.  quadri 

the  seeds  and  collect  them  on  a  cloth  spread  on  the  ground 

^' P.  contorta  var.  lafi folia:  Time  required  in  boiling  wa 
in  water  at  148°  F.  or  higher  (149). 

"P.  rigida:  Cones  were  soaked  in  water  overnight  and 

Years 

21 30 
11 

4-f 

5 

"2  + 

10 

15 

9-f 

11 
6 

5  + 

11.. i()~ 
98,213,248 
52,98 

56,112 

122 

238 

80,  98 
98, 115 
159,  235 
202 

122,  166 
112,235 

to  90°  F.  When  kiln-drying  is  used,  it  should  be  preceded 
ecies.  A  period  of  3  to  7  days  is  recommended  where  no 

minated.    Storage    temperature    ranges    for   most    species 
is   preferred.    Seed   moisture   contents  between   5   and    10 

nes  must  be  broken  up  to  release  the  seeds. 
folia  :  An  alternate  procedure  is  to  shake  the  tree  to  release 

ter  is  estimated.  Reported  treatment  was  5  to  10  minutes 

dried  in  a  warm  room   (52). 

have  been  needed  to  open  some  lots  of  serotinous 
cones  {122).  This  procedure,  by  melting  the 
resins  between  the  cone  scales  and  by  wetting 

the  woody  cone,  produces  maximum  scale  re- 
flexing  {138,  126). 

After  the  cones  are  opened  they  are  shaken 
to  remove  the  seeds.  Seeds  normally  are  ex- 

tracted by  placing  the  cones  in  a  large  mechan- 
ical tumbler  or  shaker,  or  in  a  small  manual 

shaker  for  small  lots.  Seeds  are  then  dewinged 
by  machines  of  various  types,  by  being  flailed 
in  a  sack,  or  by  rubbing.  Dewinging  of  a  few 
species  can  be  simplified  by  first  wetting  the 
seeds,  then  letting  them  dry ;  wings  are  loosened 
by  this  method  and  can  then  be  fanned  out  {223, 
254).  Care  must  be  exercised  in  the  use  of 
mechanical  dewingers,  since  they  may  injure 
the  seed.  Seeds  of  three  species — P.  aristafa 
{206),  P.  pahistris  {254),  and  P.  sylvestris 
{115) — are  especially  susceptible  to  mechanical 
damage  and  must  be  dewinged  very  carefully. 
The  seeds  are  cleaned  by  using  mechanical 
clipper  cleaners,  fanning  mills,  screens,  or 
gravity  separators  to  remove  the  mixture  of 
broken  seed  wings,  pieces  of  cone  scale,  and 
other  impurities. 

After  completing  the  dewinging  and  cleaning 
processes,  empty  seeds  of  many  species  can 
be  separated  from  the  sound  seeds  by  flotation 
in  a  liquid  having  a  suitable  specific  gravity. 
This  procedure  has  been  used  on  the  species 
listed  below. 

Flotation  liquid 
for  separating Data 

Species empty  seeds 
source 

P. hriitia water 118 
p. coulteri water 

122 p. 

echinaia 95 '■/r  ethanol 

159 

p. 

echinata water 

254 

/'. 

ellinttii  var. 
eUioftii. 

water 

251, 

p. 

glabra 
95Vr  ethanol 

15 
p. halepe)isis 

95 '"/r  ethanol 

lis 

p. n  igra 95'/r  ethanol 

118,  174 

/'. 

pahistris pentane 
158 

p. 

pinaster 

95 ^.y  ethanol lis,  174 

p. 

puiea 

water 
77,  118 

p. 

sabiniana 
water 122 

p. strobus 100' ;  ethanol 221 
p. si/lvestris     .. .     petroleum  ether 127 
p. taeda water 

159,  254 

Viability  may 
been   immersed   i 
ethanol,  pentane, 
duction,  however 

be  reduced  after  seeds  have 
n  an   organic  liquid   such  as 

or  petroleum  ether.  The  re- 
,  can  be  minimized  by  using 
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a  short  immersion  time  and  by  evaporating  all 
traces  of  the  liquid  from  the  seeds  before  they 
are  placed  in  storage  (15). 

When  water  is  used  for  floating  off  the  empty 
seeds,  the  remaining  sound  seeds  should  be 
dried  to  a  moisture  content  between  5  and  10 
percent  before  the  seeds  are  placed  in  storage. 

Numbers  of  cleaned  seeds  per  pound  and 
some  data  for  computing  yields  of  cones  and 
seeds  are  given  for  65  species  and  varieties 
in  table  6. 

Seed  storage. — For  most  pines,  high  seed  via- 
bility can  be  maintained  for  long  periods  of 

time  with  the  proper  storage  methods.  Pimis 
resi)iosa  seed  stored  30  years  still  produced 
vigorous  seedlings  in  the  nui'sery  (96),  as  did 
those  of  P.  echinata  and  P.  elliottii  var.  elliottii 
stored  for  35  years  (255).  Seeds  of  many  species 
are  now  routinely  stored  for  periods  of  5  to 
10  years.  Storage  temperature  and  seed  mois- 

ture content  are  the  two  most  important  factors 

aff'ecting  the  success  of  seed  storage.  As  a general  rule,  seeds  should  be  dried  to  a  moisture 
content  between  5  and  10  percent.  Tempera- 

tures of  0°  to  5"  F.  are  preferred  for  most 
species  for  long-term  storage  (122,  255),  but 
a  range  of  33°  to  41"  F.  also  has  been  used. 
The  viable  periods  for  seeds  stored  under  these 
conditions  are  listed  in  table  5.  Seeds  of  a  few 
species  such  as  P.  visidaris  and  P.  wallichiana 
have  remained  viable  for  several  years  at  ordi- 

nary room  temperature  (38,  56),  but  such 
storage  is  not  recommended.  Some  seed  lots 
deteriorate  rapidly  following  removal  from  cold 
storage  if  they  are  held  at  room  air  tempera- 

ture before  sowing.  Seeds  should  not  be  re- 
moved from  storage  more  than  a  week  before 

stratifying  the  seeds  at  low  temperatures, 
sowing,  or  testing  (254). 

Pregermination  treatments. — Most  pines  of 
temperate  climates  shed  their  seeds  in  the  fall, 
and  the  seeds  germinate  promptly  during  the 
first  spring.  For  some  species,  such  as  P.  cemhra 
or  P.  perice  germination  may  take  place  during 
the  second  or  even  third  year  after  dispersal. 
Pine  seeds  display  highly  variable  germination 
behavior  when  sown  following  extraction  or 
storage.  The  type  and  degree  of  dormancy  vary 
among  species,  geographic  sources  of  the  same 
species,  and  lots  from  the  same  source.  Seed 
dormancy  may  result  from  prolonged  extraction 
at  too  high  temperatures,  and  dormancy  may 
increase  with  prolonged  storage  (97,  122). 
Seeds  of  many  species  ordinarily  germinate 
satisfactorily  without  pretreatment,  but  germi- 

nation is  greatly  improved  and  hastened  by 
first  subjecting  the  seeds  to  cold  stratification, 
especially  if  the  seeds  have  been  stored. 

Stratification  is  accomplished  by  first  soaking 

the  seeds  in  water  for  1  or  2  days  and  then 
placing  them  in  a  moist  medium  or  in  a  plastic 
bag  and  holding  them  at  a  temperature  between 
33°  and  41°  F.  for  a  specified  period  of  time 
(Chapter  6).  Recommended  periods  for  both 
fresh  and  stored  seeds  of  Pinns  are  listed  in 
table  7  for  64  species  and  varieties. 

Table  7. — Pinus:  recommended  cold  stratifica- 
tion periods  (33"-il°  F.  in  a  moist  medium) 

and  other  pregermination  treatments 

Species 

Recommended 

cold  strati- fication period 

Fresh 

seed 
Stored seed 

Data 

sources 

Days  Daijs 
P.  albicauHs  ...    90-120  90-120 
P.  aristata    0  0-30 
P.  arinandii    90  90 
P.  attenuata    60  60 
P.  balfouriana    90  90 
P.  hanksiana    0-7  0-7 
P.  brutia    0  0-45 
P.  canariensis    0  0-20 
P.  caribaea    0  0 

P.cembra^-"..   .— .  90-270  90-270 
P.  cembroides    0  0-30 
P.  clausa    21  21 

P.  contorta 
var.  contorta    0  20-30 
var.  lati folia    0  30-56 
var.  nmrrayana.-  0  28 

P.  coulteri       0  21-90 

P.  densiflora    0  0-20 
P.  echinata    0-15  15-60 
P.edulis-'    0  0-60 
P.  elliottii 

var.  densa    30  30 
var.  elliottii    .  0  15-60 

P.  engelmannii    0  0 
P.  flexilis     _.....    21-90  21-90 
P.  gerardiana ..    .  .  0  0-30 
P.  glabra    28  28 
P.  halepensis    0  0 
P.heldreichii    30-42  30-42 
P.  insularis       0  0 

P.  jeffreyi.    0  0-60 
P.  koraiensis'-     90  90 
P.  lambertiana    60-90  60-90 

P.  merkiisii     0  0 

P.  wonophiilla    28-90  28-90 
P.  monticola    30-120  30-120 

P.  mugo    .        0  0 
P.  muricata    0  20-30 
P.  nigra         0  0-60 
P.  palustris    0  0-30 
P.  parviflora-    90  90 
P.  patula      60  60 

P.  pence'    0-60  60-180 

P.  pinaster^    0  60 
P.pinea'      0  0 
P.  potiderosa var.  arizonica  _  0  0 

var.  ponderosa    0  30-60 
var.  scopiilorum  0  20-60 

122 

112,  204. 

97, 122 
122 
122 
193,248 

78,  208 
152,196 
150 
99,  122, 19U 

78, 108, 122 

29 

122 

2U3,  2U 

63,122 63, 108, 122, 

246 
97,  99, 122 
122,159 
20Jt 

239 

153, 227,  235 

235 99,  239 
122 

15^,160 

152 

9k,  99, 108 102, 152 
63, 108 

8,  9,  226 63,  97, 108, 
122 

102,  152 122,  247 

97,  122,  235, 
237,  246 

122,  196 

63, 122,  235 
122,196,235 235,  254 

9 
122 
99, 108, 122, 

238 

105,152 152 

152 
63, 122, 247 
122,  249 
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Table  7. — Pimis:  recommended  cold  stratifica- 

tion periods  {33''-il°  F.  in  a  moist  medium) 
and  other  pregermmation  treatments — 
Continued 

Recommended 

cold  strati- 

Species 
fication 

period 
Data 

sources 
Fresh Stored 
seed seed 

Days Da  us 

P.  pumila   120-150 120-150 8,  97,  122 
P. puvgens   0 0 3 
P.  quadrifolia 0 

0-30 
122 

P.  radiata      _... 0-7 
7-20 

108, 122 
P.  reshiosa   0 60 97,  122,193 
P.  rigida 0 

0-30 
52, 235 

P.  roxburghii 0 0 122 
P.  sabiyiiana  ^ 60-120 60-120 122,  165,  235 
P.  serotina    0 

0-30 
114 

P.  sibirica  "__ 60-90 60-90 238 

''.  strobiformis 60-120 60-120 
7,  191 '  strobus 60 60 122,193,235 

'.  sijlvestris     _ 
0 15-90 91, 101,235 

.  taeda ,S0-60 30-60 
161 

P.  thunbergiana 0 30-60 18,  99 
P.  torrei/ana 30-90 30-90 122,  235 
P.  I'irginiana 

0-30 30 97,  239 
P.  walUchiana 0-15 

15-90 56,  99 

^  P.  cembra :  cold  stratification  period  has  been  re- 
duced to  90  days  by  first  soaking  the  seeds  in  concen- 
trated sulfuric  acid  for  3  to  5  hours,  or  by  mechanically 

scarifying-  the  seeds  (122,  191,),  but  acid  treatment  is 
not  now  recommended. 

-p.  cembra,  P.  koraiensis,  P.  parviflora,  P.  sibi7-ica: 
In  some  lots  embryos  may  be  immature  and  require  a 

warm  moist  stratification  period  (2  months  at  70'  to 
80°  F.)  preceding  the  cold  stratification  period  (9,  99, 
237). 

'P.  ediilis  (204),  P.  pinaster  (152)  and  P.  pinea 
(152) :  Good  germination  has  been  obtained  after  soak- 

ing seeds  in  cold  (40°  F.)  water  for  24  hours  with  no 
subsequent  stratification. 

*  P.  pence:  a  cold  stratification  period  of  60  days  was 
suflicient  when  seeds  were  first  soaked  in  sulfuric  acid 
for  30  minutes  (99,  122,  238),  but  acid  treatment  is 
not  now  recommended. 

'P.  sabiniaiia:  germination  is  speeded  by  cracking  the 
thick  seedcoats,  before  stratification  (122,  165,  235). 

Seeds  of  some  species  may  exhibit  extreme 
dormancy;  e.g.,  those  that  require  more  than 
60  days  of  stratification  (table  7).  The  dor- 

mancy may  be  due  to  physiological  or  physical 
factors.  A  pretreatment  may  be  needed  to  over- 

come a  physiological  block  in  the  embryo;  e.g., 
P.  lamherfiava  (121),  or  eifect  a  physical 
change  in  the  seedcoat  to  make  it  permeable  to 
water;  e.g.,  P.  sabiniana  (82,  121).  The  dor- 

mancy can  also  be  more  complex ;  an  anatom- 
ically immature  embryo  with  a  physiological 

block  may  be  coupled  with  an  impermeable 
seedcoat  as  in  P.  cemhra.  Acid  scarification  of 
seedcoats  has  been  used  with  several  species; 
e.g.,  P.  cemhra,  P.  peuce,  and  P.  sabiniana,  but 

prolonged  cold  stratification  for  6  to  9  months  is 
much  more  effective  {100,  121).  Acid  scarifica- 

tion is  not  recommended  for  seeds  of  pines 

{122). 
Seeds  of  P.  cemhra,  P.  korainsis,  P.  parviflora, 

and  P.  sihirica  are  suspected  of  having  imma- 
ture embryos  at  the  time  of  collection.  Ger- 

mination has  been  increased  by  placing  the 
seeds  first  in  a  warm  moist  environment  for 
several  months  and  then  in  cold  .stratification 
for  several  more  months  (table  7.  footnote  2) 
{8,  9,  173,  238). 

Germination  tests. — For  reliable  tests  of  seed 
viability  the  seed  is  allowed  to  germinate  under 
near-optimum  conditions  of  aeration,  moisture, 
temperature,  and  light.  On  the  basis  of  ex- 

tensive experience  and  experimentation,  stand- 
ardized seed  tests  for  a  number  of  pine  species 

have  been  established  by  the  Association  of 
Oflicial  Seed  Analysts  {10),  the  International 
Seed  Testing  Association  {108),  and  certain  re- 

gional organizations  such  as  the  Western  Forest 
Tree  Seed  Council  (263).  Recommendations  and 
procedures  given  by  these  organizations  and 
others  who  test  seeds  are  summarized  in  table  8. 
In  addition,  the  results  of  seed  tests  conducted 
under  known  conditions  are  given  for  61  species 
and  varieties. 

The  germination  of  pine  seeds  can  be  effec- 
tively te.sted  in  any  medium  or  container  that 

provides  good  aeration  and  holds  adequate 
moisture.  For  a  number  of  species,  light,  com- 

monly supplied  by  a  cool  white  fluorescent  lamp, 
is  required  for  reliable  tests.  When  light  is 
necessary,  the  usual  exposure  is  8  hours  in  each 
24-hour  period.  Different  temperatures  are 

employed  in  seed  testing;  constant  68"  F.  and 
alternating  86 '/68"  F.  regimes  are  most  com- 

mon. When  alternating  temperatures  are  used, 
the  higher  temperature  ordinarily  is  for  8  hours 
and  the  lower  is  for  16.  The  duration  of  most 
tests  is  from  3  to  4  weeks.  Usually  400  to  1,000 
seeds  per  test  are  adequate.  Germination  is 
epigeal  (fig.  4). 

Cutting  tests  are  commonly  uesd  for  rough 
determinations  of  seed  quality.  Such  tests  can 
also  provide  information  on  soundness  and  can 
be  used  as  an  emergency  guide  in  fall  sowing  of 
fresh  seeds  with  embryo  dormancy.  X-ray 
methods  too  supply  good  information  on  sound- 

ness. Estimates  of  viability  from  the  above 
tests  are  the  most  subject  to  error,  since  the 
seeds  are  not  actually  germinated  {221,  223, 
2.54)  (Chapter  7). 

Biochemical  methods  employing  a  rapid  vi- 
ability indicator  such  as  one  of  the  tetrazolium 

compounds  can  also  be  used,  but  are  not  gen- 
erally recommended.  The  results  are  highly  de- 

pendent on  the  analyst's  experience,  anci  the 
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age  of  the  seed.  The  viability  estimates  often 
are  much  higher  than  the  germination  capaci- 

ties obtained  from  germination  tests  (223) 
(Chapter  7). 
Nursery  and  field  practice. — Pines  are  suc- 

cessfully nursery  grown  in  most  parts  of  the 
United  States  and  in  virtually  all  soil  types. 
The  soil  should  be  fertile,  and  of  good  drainage 
and  aeration.  In  most  large  nurseries  the  soil 
is  fumigated  in  the  fall  or  spring  before  sowing 
to  control  soil-borne  diseases,  insects,  nema- 

todes, and  weed  seeds.  Nursery  practices  are 
summarized  for  35  species  and  varieties  in 
table  9. 

Figure  4. — Piniis  resinosa,  red  pine:  seedling  develop- 
ment at  1,  7,  and  30  days  after  germination. 

In  temperate  regions,  pine  seeds  can  be  sown 
in  the  fall  or  spring.  It  is  now  common  practice 
to  spring-sow  nondormant  seeds.  Dormant  seeds 
too  may  be  spring-sown,  but  they  must  be  pre- 
treated.  Some  nurseries  pretreat  dormant  seeds 
of  all  species  in  the  same  manner;  however, 
this  is  not  to  be  recommended.  The  pregermina- 
tion  treatment  used  on  each  species  seed  lot 
should  be  that  which  achieves  best  germination 
for  that  lot.  Seeds  with  embryo  dormancy  can 
be  sown  in  fall  without  a  pretreatment.  Com- 
lipared  to  seedlings  produced  by  spring-sown 
ilseeds,  those  from  fall-sown  seeds  are  commonly 

jlarger  and  better  developed  after  one  season. 
With  fall-sown  seeds,  however,  sowing  must  be 
jlate  enough  to  avoid  fall  germination,  so  that 
jseedlings  are  not  subject  to  winter  freeze  dam- 
iage  and  mortality.  Fall-sown  beds  also  are  more 
jsubject  to  losses  from  rodent  damage. 

The  seeds  can  be  either  drill-sown  or  broad- 
cast by  hand  or  machine,  but  most  large 

nurseries  drill-sow  in  beds  because  it  is  more 
economical.  The  amount  of  seed  sown  per  unit 
area  and  the  sowing  density  vary  with  the 
species,  seed  size  and  germination  capacity,  and 
the  desired  density.  The  stock  density  influences 
the  vigor  and  size  of  the  seedlings  and  trans- 

plants produced.  The  stock  density  will  depend 
on  the  species,  the  length  of  time  seedlings  will 
remain  in  the  nursery  bed,  and  whether  they 
will  be  transplanted. 

Seeds  are  sown  at  densities  selected  to  pro- 
duce from  15  to  75  seedlings  per  square  foot. 

Higher  tree  survival  factors  are  obtained  when 
medium-to-low  sowing  densities  are  used.  Most 
nurseries  sow  seeds  at  a  slightly  higher  density 
if  the  seedlings  are  to  be  placed  in  transplant 
beds  for  one  or  more  years.  A  lesser  density 
is  desired  for  2-0  than  1-0  seedlings.  Depend- 

ing on  the  species,  seed  lot,  and  nursery,  sowing 
densities  range  from  2  to  20  ounces  of  seed  per 
100  square  feet  of  bed.  One  northwestern  nurs- 

ery drill-sows  P.  monticola  at  35  seeds  per 
lineal  foot  in  rows  spaced  3.5  inches  apart  to 
obtain  a  density  of  120  seedling  per  square 
foot  for  2-0  seedlings  (2^5).  A  second  western 
nursery  drill-sows  P.  monticola  at  18  seeds  per 
lineal  foot  with  6  inches  between  rows  to  obtain 
a  density  of  35  seedlings  per  square  foot  for 
its  2-0  seedlings  {2If6).  Ultimately,  then,  ex- 

perience determines  the  correct  sowing  density 
for  a  given  species  and  nursery  for  a  particular 
planting  situation.  Average  nursery  germina- 

tion has  ranged  from  20  to  85  percent  of  the 
germination  capacities  found  in  laboratory 
tests.  Of  the  seeds  that  germinate,  as  little  as 
19  and  as  much  as  90  percent  produce  useable 
seedlings ;  the  average  has  been  about  55  per- cent. 

At  the  time  of  sowing,  seeds  are  drilled  or 
pressed  fii'mlv  into  the  soil,  then  uniformly 
covered  with  V^  to  •'^i.  inch  soil,  sand,  or  mulch. 
Fall-sown  seeds  should  be  placed  slightly  deeper 
than  spring-sown  seeds  to  protect  them  from 
wind  erosion  and  frost  action.  Large-seeded 
species,  as  P.  albicaulis,  P.  lamhertiana,  and  P. 

mouophyUa,  are  covered  to  a  depth  of  14  inch. 
Smaller  seeds  require  the  least  covering.  The 
southern  pines,  P.  echinata,  P.  elliottii,  P.  pahis- 
f)is,  P.  taeda,  and  P.  virginiana,  are  pressed 
into  the  soil  surface  and  covered  with  burlap 
or  chopped  pine  straw.  Such  materials  protect 
the  seeds  from  birds  or  displacement  by  rain 
and  help  maintain  soil  moisture.  Pimis  contorta 
(var.  contorta  and  var.  lafi folia),  P.  densiflora, 
and  P.  thinibergiaua  are  sown  i/f{  inch  deep;  P. 
hanksiana.   P.    canariensis,   P.    edulis,   and   P. 
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monticola  are  commonly  sown  14  ii^ch  deep. 
Care  should  be  taken  not  to  sow  the  seed  too 
deep. 

Germination  is  complete  for  most  species 
from  10  to  50  days  after  spring  sowing.  But 
some  lots  of  dormant  seed  species,  even  after 
pregermination  treatment,  may  continue  to 
germinate  several  months  to  a  year  after  sow- 

ing; e.g.,  P.  aJbicaulis,  P.  cembra,  P.  pence,  and 
P.  strohiformis  (122). 

In  most  nurseries,  fungicides  are  used  to  con- 
trol damping-off,  and  sprays  are  used  during 

the  season  to  control  insects  and  other  diseases. 
In  southern  nurseries  the  fusiform  rusts  on  P. 
taeda  and  P.  eUiottii  and  brown  spot  on  P.  palus- 
tris,  and  in  Lake  States  nurseries  the  sweetfern 
blister  rust  on  P.  hanksiana,  P.  sylvestris,  and 
P.  ponderosa  are  controlled  by  repeated  applica- 

tions of  fungicides. 
Generally,  transplants  or  older  age  classes  are 

recommended  for  difficult  sites.  In  the  Lake 
States  and  Prairie  Plains,  for  example,  P. 
hanksiana  is  grown  as  1-0  or  I'/^-O  stock  for 
easy  to  average  sites,  1-1  or  2-0  for  difficult 
sites,  and  2-1,  1-2,  or  2-2  for  windbreaks.  Most 
of  the  white  pines  are  grown  as  2-0  and  3-0 
or  as  transplants  2-1  and  2-2.  In  specialized 
nurseries,  pines  are  routinely  grown  as  con- 

tainer plants.  Either  young  seedlings  or  seeds 
are  planted  directly  in  containers  with  a  soil 
mix.  Depending  on  the  nursery,  partial  shade 
is  provided  during  the  germination  and  seedling 
establishment  phases.  Normally,  container- 
grown  pines  are  cultured  1  to  5  years  before 
outplanting.  Care  must  be  taken  not  to  grow 
pines  in  too  small  a  container  for  too  long  a 
time  since  they  will  become  container-bound  or 
rootbound. 

Methods  of  mulching,  watering,  shading,  pest 
control,  lifting,  and  other  nursery  operations 
have  been  described  in  several  regional  hand- 

books {95,  107,  221,  223,  25Jf\.  Each  one  con- 
tains much  useful  information  on  nursery 

production  of  pine  seedlings. 
All  pine  species  can  be  vegetatively  prop- 

agated either  by  rooting  or  grafting  {122,  178, 
231).  However,  rooting  success  for  most  species 
decreases  rapidly  when  scions  are  taken  from 
trees  older  than  5  years.  Pi)U(s  radiata,  P.  at- 
tenuata,  P.  densiflora.  and  P.  ihunhergiana 
are  relatively  easy  to  root.  But  only  P.  radiata 
is  extensively  propagated  by  rooting  cuttings 
under  nur.sery  and  greenhouse  conditions  {230). 
Selected  trees  of  many  other  species  are  cloned 
by  rooting  of  cuttings.  Grafting  also  is  rou- 

tinely used  to  propagate  rare  material  or  to 
clone  individual  plants,  as  in  seed  orchard  pro- 

grams designed  to  produce  genetically  improved 
forest  tree  seed  (122). 
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PITHECELLOBWM 

Leguminosae — Legume  family 

PITHECELLOBWM  Mart.  Blackhead 

by  Gerald  A.  Walters,^  F.  T.  Bonner,-  and  E.  Q.  P.  Petteys  ' 

Growth  habit,  occurrence,  and  use. — Pithe- 
cellobmm  is  a  genus  of  about  110  species,  mostly 
native  to  Asia  and  tropical  America.  Two 
tropical  American  species  are  considered  here 
(table  1).  Pithecellobiimi  flexicaule  is  consid- 

ered the  most  valuable  tree  in  the  Rio  Grande 
valley.  The  wood  is  used  in  cabinetry  and  for 
fence  posts,  and  the  seeds  are  used  for  food 
(boiled  when  green,  roasted  when  ripe  as  a 
coffee  substitute)  (7).  Pithecellohinm  samaii  is 
valued  for  timber  production,  wildlife  habitat, 
and  esthetics.  The  wood  is  used  for  paneling, 
furniture,  and  specialty  items.  The  pods  are 
eaten  by  animals  (2,  3). 

^  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 
-  Southern  Forest  Exp.  Stn. 
"  Hawaii  Division  of  Forestry. 

Flowering  and  fruiting. — Pithecellobium  flex- 
icaide  bears  1 1/2-inch,  yellow-  or  cream-colored 
flower  clusters  during  June  through  August 
(7).  Pithecellobium  saman  bears  2-inch,  pink- 

ish flower  clusters  from  spring  to  fall  (2). 
Both  species  fruit  from  fall  to  spring.  Pods 
turn  from  green  to  drab  or  black  when  ripe. 
P.  flexicaule  pods  average  5  inches  (127  mm.) 
long,  1  inch  (25  mm.)  wide  when  ripe  (7) 
(fig.  1).  P.  saman  pods  average  6  inches  (152 
mm.)  long  and  %  inch  (19  mm.)  wide.  Pods  of 
both  species  are  indehiscent  and  may  remain  on 
trees  for  a  year  or  more  (2,  7).  The  reddish- 
brown,  bean-shaped  seeds  have  no  endosperm 
(figs.  2  and  3). 

Figure  1. — Pithecellobium  flexicaule,  ebony  blackhead: 
pod,  1/2  X. 

Figure  2. — Pithecellobium  flexicaule,  ebony  blackhead: 
seeds,  2  x. 

Table  1. — Pithecellobiimi:  novienclature,  occurrence,  and  groivth  habit 

Scientific  names 
and  synonyms 

Common  names Occurrence Growth  habit 

P.  flexicaule  (Benth.)  Coult      ebony  blackhead,  ebony 
apes-earring,  Texas ebony. 

P,  saman  (Jacq.)  Benth.        raintree,  monkey-pod 
Enterolobium  saman  Prain.  (Hawaii),  saman 
Samana  saman  (Jacq.)  Merr.  (Puerto  Rico). 

Mexico  and  southern  Texas 

Native  in  Central  and  South 
America;  naturalized  in 
West  Indies;  planted  in 
southern  Florida  and 
Hawaii. 

Evergreen  tree  or  shrub; 
heights  to  40  ft.  (7). 

Evergreen  tree,  but 
deciduous  in  Hawaii; 
attains  heights  of 
50-80  ft.  (2,/„5). 
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Nursery  practice. — In  Hawaii,  P.  saman  seed 
are  generally  sown  in  the  nursery  beds  during 
March  so  they  can  be  outplanted  as  %-0  stock 
the  following  winter  (6).  Seeds  are  sown  about 
1  inch  deep  with  a  planter — adjusted  to  the 
proper  seed  size.  The  seedbeds  are  not  mulched, 
but  75  to  80  percent  shading  is  provided.  Seed- 

lings are  raised  at  nursery  bed  densities  of  15 
to  20  per  square  foot  (6).  Tree  percent  averages 
75  to  80.  P.  sa7nan  grows  well  on  moist  low- 

land areas,  preferably  on  deep,  well-drained 
soils.  No  information  is  available  on  nursery 
practices  for  P.  flexicaule. 

Figure  3. — Pithecellobiuni,  flexicaule,  ebony  blackbead: 
longitudinal  section  through  a  seed,  3  X. 

Collection,  extraction,  and  storage. — Pods  are 
picked  from  the  tree  and  are  dried  on  racks 
(6).  Seeds  can  be  removed  by  hand  flailing  or 
by  using  a  macerator.  There  are  from  700  to 
900  P.  flexicaule  seeds  per  pound  (1),  and  from 
2,000  to  3,500  P.  sa7nan  seeds  per  pound  (6). 
P.  saman  seeds  have  been  stored  in  sealed  poly- 

ethylene bags  at  temperatures  of  35°  to  40"  F. 
(7). 
Germination. — Pregermination  treatments 

are  not  necessary  for  P.  saman,  but  a  10-minute 
sulfuric  acid  soak  increases  the  percent  and 
speed  of  germination  (5).  Seed  tested  at  the 
Eastern  Tree  Laboratory  was  97  percent  pure, 
and  germination  after  the  acid  soak  was  75 
percent  (8).  Germination  has  been  as  high  as 
92  percent  (4,  5).  The  seedcoat  of  P.  flexicaule 
seed  is  hard,  and  few  seeds  will  germinate 
without  scarification.  A  mechanical  scarifier  and 
a  sulfuric  acid  soak  are  the  methods  of  scarifi- 

cation generally  used.  Germination  after  a 
scarification  is  about  70  percent  {1). 
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Sources  Cited 
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PLAT  AN  us 

Plaianaceae — Sycamore  family 

PL  A  TAN  US  L.  Sycamore 

by  F.  T.  Bonner  1 

Growth    habit,   occurrence,   and    uses. — Two 
native  and  one  introduced  species  of  sycamore 
merit  consideration  in  this  manual  (table  1). 
Sycamores  are  deciduous  trees  that  range  from 
80  to  140  feet  tall  at  maturity.  P.  occidentalis 
is  one  of  the  largest  and  most  valuable  timber 
species  in  the  eastern  United  States ;  it  is  widely 
planted  in  commercial  plantations.  An  apparent 
hybrid  between  P.  occidentalis  and  P.  orientalis. 
(P.  Xaceriolia  (Ait.)  Willd.)  is  also  widely 
planted  as  an  ornamental  in  the  United  States 
because  of  its  tolerance  to  city  smoke  and  alkali 
(15). 

'  Southern  Forest  Exp.  Stn. 

Flowering  and  fruiting. — The  minute,  monoe- 
cious flowers  of  sycamores  appear  in  the  spring 

(table  2).  Both  staminate  and  pistillate  flowers 
occur  in  separate,  dense,  globular  heads.  The 
dark  red,  staminate  flowers  are  usually  borne 
along  the  branchlets,  while  the  light-green 
pistillate  flowers  occur  at  the  tips  (22,  25).  P. 
occidentalis  fruiting  heads  are  usually  solitary, 
but  P.  racemosa  may  have  2  to  7  on  a  single 
stem  (22)  (fig.  1).  They  are  greenish  brown  at 
maturity  in  the  fall  (25)  (table  2).  The  fruit 
is  an  elongated,  chestnut-brown,  single-seeded 
achene  with  a  hairy  tuft  at  the  base.  The 
achenes  with  hairs  removed  are  used  as  seeds 
(fig.  2).  The  elongated  embryo  is  surrounded  by 

Table  1. — Platanus:  nomenclature,  occurrence,  and  uses;  data  comqnlers 

Scientific  names  and 
synonyms 

Common  names Occurrence Uses  ̂   Data  compilers 

P.  occidentalis  L.   
P.  glabrata  Fern. 
P.  occidentalis  var.  yja- 

brata  (Fern.)  Sarg. 
P.  occidentalis  var. 

attenuata  Sarg. 

P.  orientalis  L. 
P.  vulgaris  Spach. 

P.  racemosa  Nutt. 
P.  californica  Benth. 

American  sycamore, 
American  planetree, 
buttonwood,  planetree, 
buttonball-tree,  syca- 

more, waterbeech. 

oriental  planetree 

California  sycamore, 
California  planetree, 
western  sycamore, 
aliso. 

Maine  to  Iowa,  south  to 
central  Texas  and  north- 

western Florida.  Also  in 
northeastern  Mexico. 
Planted  in  South  Dakota, 
Colorado,  Nebraska, 
Kansas. 

Southeast  Europe,  west 
Asia  to  India.  Planted  in 
United  States  as  an  orna- mental. 

Central  to  southern  Cali- 
fornia and  into  north- 

western Mexico;  below 
4000'  elevation. 

T,  W,  S,  E       C.  B.  Briscoe. 

T,  W,  S,  E       Paul  0.  Rudolf. 

H,  W,  E William  W.  Oliver. 

^T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershep,  S:  shelterbelt,  E:  environmental  forestry. 

Table  2. — Platanus:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 
dates 

Seed  dispersal dates Data 
source 

P.  occidentalis 
P.  orientalis   
P.  racemosa   

,    southern  United  States 
-   northeastern  United  States 

Mar. -Apr. 
May-     . 

Nov. 

Sept.-Oct. ,    June-Aug. 

Feb. -Apr.       

16 

19 
June-Dec. 

22 
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P.  racemosa 
California  sycamore. 

Figure  1. — Platanus:  fruiting  heads,  1  X. 

P.  occidentalis 
American  sycamore 

P.  racemosa 
California  sycamore 

Figure  2. — Platanus:  single  achenes,  4  X. 

a  thin  endosperm  (fig.  3).  P.  occidentalis 
usually  bears  good  seed  crops  every  1  to  2  years 
and  light  crops  in  the  intervening  years.  Open- 
grovi^n  trees  of  this  species  as  young  as  5  years 
have  produced  good  seed  crops,  but  trees  in 
dense  natural  stands  are  usually  much  older 
before  large  crops  are  evident  (7). 

Collection  of  fruits. — Fruiting  heads  of  PUi- 
tamis  can  be  collected  any  time  after  they  turn 
brown,  but  the  job  is  easiest  if  done  after  leaf 
fall  (3,  7).  Since  the  heads  are  persistent,  col- 

lections can  be  made  into  the  next  spring.  Hand 
picking  from  felled  trees  is  the  most  convenient 
method.  At  the  northern  and  w^estern  limits  of 
the  range  of  P.  occidentalis  intact  heads  can 
sometimes  be  collected  from  the  ground  late  in 
the  season  (7).  As  heads  begin  to  fall  apart  in 
the  early  spring,  they  may  be  stripped  onto 
canvas  sheets  (11),  or  their  seeds  may  be  shaken 

loose  by  tapping  the  branches  (7) .  Heads  should' 
be  dried  in  well-ventilated  trays  until  they  can 
be  broken  apart. 

Extraction  of  seeds. — Seeds  should  be  ex- 
tracted by  crushing  the  dried  fruiting  heads 

and  removing  the  dust  and  fine  hairs  that  are 
attached  to  the  individual  achenes  (seeds) 
Small  lots  can  be  rubbed  through  hardware- 
cloth  (4  to  10  wires  per  inch)  by  hand,  and  { 
fan  can  blow  away  the  unwanted  material  (7) 

fV 

mm. 

pericarp 

seedcoat 

endosperm 

cotyledons 

hypocotyl 

radicle 

^0 

Figure  3. — Platanus  occidentalis,  American  sycamoi  ( 
longitudinal  section  through  an  achene,  12  X. 
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A  good  arrangement  for  this  type  of  extraction 
and  dust  removal  has  been  described  in  detail 
{27).  Large  lots  can  be  broken  up  in  fertilizer 
distributors,  hammer  mills,  centrifugal  disks 
(7),  or  seed  macerators  (It).  In  all  cases  some 
method  of  dust  removal  should  be  provided  and 
dust  masks  should  be  worn,  by  workers!  The 
fertilizer  distributor  method  is  widely  used, 
and  the  dust  problem  is  lessened  when  opera- 

tion is  in  the  open.  The  distributor  can  be  loaded 
with  fruits  and  pulled  along  with  ejection  gates 
closed,  or  a  powered  belt  can  be  attached  to  a 
jacked-up  wheel  (7).  With  the  jacked-up  wheel 
arrangement,  clean  seed  will  work  out  through 
the  gates,  while  fruit  cores  and  fluffs  of  the 
hairs  will  collect  at  the  top.  Air-screen  cleaners 
can  be  used  to  remove  dust  and  hairs  from 
lots  in  which  fruits  were  broken  up  in  other 
ways  (5).  Louisiana  and  Mississippi  collections 
of  P.  occidentalis  yielded  7  to  11  pounds  of  seed 
per  bushel  of  fruit,  and  56  to  66  pounds  of  seeds 
per  100  pounds  of  fruits  (7).  Seed  weight  data 
are  in  table  3. 

Storage  of  seeds. — If  Platanus  seeds  are  to  be 
sown  soon  after  collection,  they  may  be  stored 
in  a  cool,  well-ventilated  place  in  open-mesh 
bags  or  spread  out  on  shelves  (7).  For  storage 
longer  than  1  year,  seeds  should  be  dried  to 
10  to  15  percent  moisture  and  stored  in  airtight 

containers  at  20°  to  38°  F.  {2,  12). 
Pregermination  treatments. — Moist  stratifica- 

tion for  60  to  90  days  at  40°  F.  in  sand,  peat, 
or  sandy  loam  has  been  reported  as  beneficial 
to  P.  racemosa  (22).  Pregermination  treat- 

ments are  not  required  for  P.  occidentalis  (5, 
16,  26)  or  P.  orientalis  (13). 

Germination  tests. — GeiTnination  can  be  eas- 
ily tested  on  wet  paper,  sand  or  even  in  shallow 

dishes  of  water  (table  4).  A  large  percentage 
of  the  sound  seeds  will  usually  germinate,  but 
the  great  variation  in  number  of  sound  seeds 
in  a  lot  will  result  in  many  low  germinative 
capacities.  A  range  of  germinative  capacities 
of  from  1  to  81  percent  has  been  reported  for 
P.  occidentalis  (7).  Viability  tests  can  also  be 
made  on  P.  occidentalis  with  tetrazolium  stain- 

ing (6)  and  X-rays  (^). 
Nursery  practice. — Spring  is  the  best  time  to 

sow  Platanus  seeds,  but  fall  or  late  winter 
sowings  are  feasible.  The  seeds  may  be  broad- 

cast or  drilled  in  rows  6  to  8  inches  apart.  They 
should  be  covered  with  Vi  inch  of  soil  or  mulch 
(22).  Sawdust  is  an  excellent  mulch;  others 
that  are  satisfactory  are  pine  needles,  oat  straw, 
or  rice  straw.  Mulch  depth  should  not  exceed 
i/<  inch  (7).  Bird  screens  are  needed  on  the 
beds  if  seeds  are  sown  in  the  fall.  Seedling 
density  will  depend  on  the  intended  use  of  the 
stock.  Small  seedlings  are  wanted  in  some  cases, 
and  25  to  35  seedlings  per  square  foot  are  rec- 

ommended (7,  2i).  For  larger  stock,  5  to  10 
seedlings  per  square  foot  can  be  used  (10).  A 

Table  3. —  Platanus:  cleaned  seeds  per  pound 

Cleaned  seeds  per  pound 

Species Place  of  collection Range Average 
Samples 

Data 

source 

P.  occidentalis  .     Louisiana-Mississippi ' southeast  United  States 
P.  orientalis    Denmark     

United  States  (?)   

Number 

133,500-267,400 
87,230-226,800 
81,000-162,000 

113,000-168,000 

Number 
193,270 
149,900 
128,000 
140,000 

Number 

100  + 

28 
8 

2  + 

7 
16 
18 
20 

'  These  sources  averaged  1,765  seeds  per  fruit;  a  range  of  804-3,050  (7). 

Table  4. — Platayms:  germinatioyi  test  conditions  and  restdts 

Germination  test  conditions 

Species  Daily  Temperature 
light  Medium         
period  Day        Night 

Hours  "F.  °F. 
P.  occidentalis  L.  8         blotter  paper .  86  68 

water    75  70 
sand      85  70 

P.  orientalis  L    ..     71  68 
P.  racemosa  Nutt.  sand      85  70 

'  Percentages  based  in  sound  seed  only. 

Dura- 
tion 

Germinative 

energy 

Germinative 

capacity  Data source 
Amount    Period    Average  Samples 

Days 

28 
30 

60 

30  + 

60 

Percent     Days     Percent  Number 

■72 

M 

10 

"l'4 
'80 

19 
35 

38 
12 

20 
8 

15  + 

8 
1 H,23 

8 
21 
18 

21 
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guide  to  determine  sowing  rate  for  5  seedlings 
per  square  foot  is  (7)  as  follows: 

Germination  capacity 
of  seed 

(percent) 
10 
20 
40 
80 

Seed  per  100  linear 
feet  of  Jf-foot  bed 

(ounces) 
16 
8 
4 
2 

Bed  surfaces  must  be  kept  moist  through  ger- 
mination, and  shading,  while  not  necessary  (7), 

can  be  helpful  for  the  first  month  (10).  Pre- 
sowing  fumigation  of  the  beds  with  methyl 
bromide,  Vapam,  Mylone,  or  Vorlex  will  help 
control  weeds,  fungi,  and  nematodes  (7). 
Several  preemergence  herbicides  have  also 
shown  promise  in  weed  control  (.9).  On  neutral 
to  slightly  alkaline  soils  damping-off  may  be 
severe  and  can  be  prevented  with  Captan  72-S 
and  controlled  with  methylmercury  dicyandia- 
mide  (7).  Defoliating  insects  can  be  controlled 
with  lindane  or  malathion  either  at  10-day  in- 

tervals, or  whenever  newly  hatched  larvae  ap- 
pear (17).  Root  pruning  in  midsummer  is  rec- 

ommended to  promote  growth  of  smaller  roots, 
and  some  nurseries  prune  seedling  tops  in  late 
July  or  August  to  reduce  size.  Seedlings  should 
not  be  both  root-  and  top-pruned  during  the 
growing  season  (7).  P.  occidentalis  is  usually 
outplanted  as  1-0  stock.  P.  orientalis  is  often 
planted  as  1-1  (11)  or  2-0  (21)  seedlings  in  Eu- 

rope. Platanus  species  can  also  be  regenerated 
by  dormant  or  greenwood  cuttings  (1,  7).  More 
details  on  Southern  nursery  operations  for  P. 
occidentalis  have  recently  been  described  (7). 

Literature  and  Other  Data 
Sources  Cited 
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(2) 
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(4) 

(5) 
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(7) 
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Salicaceae— Willow  family 

POPULUS  L.  Poplar 

by  Ernst  J.  Schreiner  ^ 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Popnlus  includes  about  thirty  species  of 

medium  to  large  deciduous  trees  native  in  North 
America  from  Alaska  and  Labrador  south  to 
northern  Mexico,  Europe,  North  Africa,  and 
Asia  south  to  the  Himalayas  (62).  Some  species 
such  as  the  aspens  form  extensive  forest  stands, 
others  usually  occur  along  stream  bottoms  and 
low-lying  areas.  The  nomenclature,  occurrence, 
and  uses  of  eleven  species  and  varieties  native  to 
North  America,  and  of  eight  important  exotic 
species  and  two  putative  natural  hybrids  are 
listed  in  table  1. 

Poplars  are  important  pulpwood,  lumber,  and 
veneer  species  (2S,  72,  73).  Poplar  wood  is 
pulped  by  the  standard  chemical  and  mechanical 
processes  for  use  in  high-grade  papers,  cor- 

rugating paper,  fiberboard,  wallboard,  and  im- 
pregnated building  board  or  felt;  and  in  recent 

years,  there  has  been  increasing  use  of  poplars 
for  various  kinds  of  particle  board.  Poplar  lum- 

ber has  been  used  locally  in  building  construc- 
tion for  rafters,  stringers,  studding,  sheeting, 

shiplap,  flooring,  interior  panels,  mouldings, 
and  trim. 

Popnlus  deltoides  and  its  variety  occidentalis 
have  been  used  widely  in  the  United  States  and 
Canada  for  shelterbelt  and  amenity  plantings. 
European  cultivars,  particularly  P.  nigra  cv. 
Italica  (Lombardy  poplar),  cultivars  of  P.  alba, 
and  natural  hybrids  cultivated  in  Europe,  such 
as  the  cultivars  Canescens,  Eutrenei.  Serotina, 
Robusta,  and  Petrowskyiana,  have  been  used 
quite  extensively  in  amenity  plantings  through- 

out the  United  States  and  Canada. 

Geographic  races,  ecotypes,  clones,  and  hy- 
brids.— The  existence  of  geographic  races  and 

ecotypes  has  been  established  in  P.  tremuloides, 
P.  grandideutata,  P.  trichocarpa,  P.  deltoides 
{50,  53,  55,  86),  and  also  in  the  native  European 
species.  The  aspens  and  white  poplars  (Section 
Leuce)  and  the  balsam  poplars  (Section  Taca- 
MAHAca)  reproduce  from  root  suckers  to  pro- 

duce natural  clonal  groups.  A  P.  grandidentata 
clone  occupying  1.1.  acres  and  many  0.1-  to 
0.2-acre  clones  of  P.  grandidentata  and  P. 
tremuloides   have   been   reported   in   Michigan 

'  Northeastern  Forest  Exp.  Stn. 

(3,  Jf).  Natural  clones  of  P.  balsamifera  cover- 
ing a  half-acre,  and  natural  cloning  of  hybrids 

between  Tacamahaca  andAiGEiROS  species  pro- 
duced by  controlled  breeding  (77,  81)  have  been 

observed  in  the  Northeastern  Region  (71).  Such 
clonal  islands  should  not  be  mistaken  for  eco- 

types. Natural  hybridization  has  been  reported 
between  almost  all  sympatric  poplar  species  and 
between  introduced  exotics  and  native  poplars 
both  in  the  United  States  and  in  Europe.  The 
possibility  for  successful  hybridization  between 
species  in  different  taxonomic  sections  as  well  as 
within  such  sections  has  been  demonstrated  by 
natural  and,  particularly,  bv  controlled  breeding 
(2,  7,  25,  i3,  56,  71,  73,  79,  81,  89).  There  is  also 
evidence  of  introgression  in  the  American  pop- 

lars (2,7,71). 

Superior  clones  and  cultivars. — Vegetative 
propagation  of  superior  genotypes  of  the  AiGEi- 
ROS  andTACAMAHACA  poplars  and  of  hybrids 
within  and  between  these  sections  is  economi- 
callv  feasible.  Since  the  commercial  culture  of 
such  superior  individuals  is  not  dependent  on 
reproduction  by  seed,  they  can  be  multiplied  im- 

mediately and  cheaply  as  clones  without  adult- 
eration or  dilution  of  their  genetic  potential 

(60,  74,  75).  There  are  literally  thousands  of 
such  poplar  clones  under  test  and  hundreds  in 
commercial  use  throughout  the  world  (73). 

First  generation  hybrids  between  the  Euro- 
pean P.  trenuda  and  the  American  P.  tremu- 
loides are  superior  in  growth  rate  to  the  parent 

species ;  F,  hybrid  seed  has  been  produced  com- 
mercially by  controlled  hybridization  (in  the 

gi'eenhouse)  in  Denmark  and  Sweden  for  about 
20  years  (73). 

Natural  triploids  that  exceed  the  growth  rate 
of  the  native  diploid  species  have  been  found  in 
the  European  P.  tremnla  and  the  American  P. 
tremidoides.  Triploid  aspens  have  been  produced 
by  crosses  between  diploids  and  artifically  pro- 

duced tetraploids;  triploid  species  hybrids 
between  P.  tremuloides  and  P.  tremula  are  par- 

ticularly promising.  However,  there  has  been 
relatively  little  demand  for  mass-produced 
diploid  X  tetraploid  seedlings  because  of  the 
variability  within  the  seedling  progenies.  The 
seedlings  range  in  vigor  from  those  that  exceed 
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the  hybrid  aspens  in  growth  rate  to  very  slow- 
growing  (almost  dwarf )  individuals  (73). 

At  present,  the  aspens  and  their  hybrids  must 
be  propagated  by  seed  because  sufficiently  cheap 
methods  of  vegetative  propagation  are  not  avail- 

able for  these  pnaplars.  Recent  research  indicates 
that  practical  methods  for  clonal  propagation  of 
aspens  and  other  presently  difficult-to-root 
species  will  become  available  within  the  next 
decade  (76).  Genetically  superior,  fast-growing 
and  disease-resistant  individuals  of  triploid  and 

hybrid  aspens  will  undoubtedly  find  a  ready 
market  when  commercial  clonal  propagation  is 

possible. Flowering  and  fruiting. — Although  all  poplar 
species  have  been  classified  as  dioecious  (62),  P. 
lasiocarpa  Oliv.,  has  been  described  as  a  poorly 
known  monoecious,  self-fertilizing  species  (20), 
and  deviations  from  strict  dioecism  have  been 
found  in  individual  trees  of  poplar  species  (1, 
40,  48,  54,  67).  Sex  ratios  in  favor  of  male  trees 
have  been  reported  for  P.  tremuloides  (54)  and 

Table  1. — Populus:  nomenclature,  occurrence,  and  use 

Scientific  names  and  synonyms  Common  names 

Native  species  and  varieties 
P.  acuminata  Rydb    lanceleaf  cottonwood,  lanceleaf 

P.  xandrewsii  Sarg.  poplar,  smooth-bark 
P.  acuminata  var.  rehderi  Sarg.  cottonwood,  Andrews  poplar. 

P.  anguitifolia  James        narrowleaf  cottonwood,  narrow- 
P.  fortissima  A.  Nels.  &  Macbr.  leaf  poplar,  black  cottonwood, 

mountain  cottonwood, 
alamo. 

P.  balsamifera  L.            balsam  poplar,  tacamahac 
P.  tacamahaca  Mill.  poplar,  cottonwood,  hackma- 
P.  candicans  Ait.  tack,  tacamahac. 
P.  balsamifera  var.  candicans 

(Ait.)  A.  Gray. 
P.  deltoides  Bartr.  var.  deltoides     eastern  cottonwood,  eastern 

P.  balsamifera  L.  poplar,  cottonwood,  southern 
P.  virginiana  Foug.  cottonwood,  Carolina  poplar, 
P.  angulata  Ait.  necklace  poplar. 
P.  monilifera  Ait.     , 
P.  deltoides  var.  missouriensis 

(Henry)  Henry. 
P.  balsamifera  var.  virginiana 

(Foug.)  Sarg. 
P.  deltoides  virginiana  (Foug.) 

Sudw. 
P.  balsamifera  var.  inissouriensis 

(Henry)  Rehd. 
P.  deltoides  var.  occidentalis  Rydb     plains  cottonwood,  plains 

P.  sargentii  Dode.  poplar,  cottonwood,  Texas 
P.  besseyana  Dode.  cottonwood. 
P.  occidentalis  (Rydb.)  Britton 

ex  Rydb. 
P.  texana  Sarg. 

P.  fremontii  S.  Wats  var.  fremontii       Fremont  cottonwood,  Fremont 
P.  macdougalii  Rose.  poplar,  cottonwood,  Arizona 
P.  arizonica  Sarg.  cottonwood,  MacDougal 
P.  fremontii  var.  pubescens  cottonwood,  alamo. 

Sarg. 
P.  fremontii  var.  thornberii 

Sarg. 
P.  fremontii  var.  toumeyi  Sarg. 
P.  fremontii  var.  macrodisca 

Sarg. 
P.  fremontii  var.  arizonica 

(Sarg.)  Jeps. 
P.  fremontii  var.  macdoiigalii 

(Rose)  Jeps. 
P.  fremontii  var.  widizenii  S.  Wats        Rio  Grande  cottonwood,  Rio 

P.  wislizenii  (S.  Wats)  Sarg.  Grande  poplar,  cottonwood, 
valley  cottonwood,  Wislizenus 
cottonwood,  alamo. 

Occurrence 

Uses' 

Southern  Alberta,  Montana, 
western  North  Dakota, 
Wyoming,  western  Nebraska, 
eastern  Colorado,  and 
New  Mexico. 

Southern  Saskatchewan  and 
Alberta  south  to  Arizona, 
western  Nebraska,  and  trans- 
Pecos  Texas;  also  in  northern 
Mexico  (Chihuahua). 

Alaska  to  Labrador,  south  to 
New  York  and  Oregon. 

From  Quebec  to  North  Dakota, 
south  to  Texas  and  Florida. 

Southern  Saskatchewan  and 
Alberta,  Montana,  Wyoming, 

eastern  Colorado,  north- 
eastern New  Mexico,  northern 

Texas,  western  Oklahoma, 
Kansas,  Nebraska,  and 
South  Dakota. 

Southwestern  Utah,  Nevada,  to 
northern  California,  south  to 
Arizona  and  New  Mexico, 
northwestern  Mexico. 

Southern  Colorado,  southern 
Utah,  New  Mexico,  western 
Texas,  northern  Mexico. 

S,E 

S,E 

T,  S,  E 

T,  S,E 

T,  S,E 

T,  S,  E 

T,  S,E 
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Table  1. — Popuhis:  nomenclature,  occurrence,  and  use — Continued 

Scientific  names  and  synonyms Common  names Occurrence 

POPULUS 

Uses  '■ 

Native  species  and  varieties 

P.  grandidentata  Michx     
P.  grandidentata  [i  meridionalis 

Tidestr. 
P.  grandidentata  var.  angustata 

Victorin. 
P.  grandidentata  var.  subcordata 

Victorin. 
P.  heterophylla  L       

.  Iretniiloides  Michx.    
P.  cercidiphylJa  Britten. 
P.  aurea  Tidestr. 
P.  vancouveriana  Trel.  ex  Tidestr. 

in  Piper  and  Beattie. 
.  trichocarpa  Torr.  and  Gray 
P.  hastata  Dode. 

bigtooth  aspen,  largetooth, 
aspen,  aspen,  poplar,  popple. 

swamp  Cottonwood,  swamp 
poplar,  Cottonwood,  black 
Cottonwood,  river  Cottonwood, 
downy  poplar. 

quaking  aspen,  quaking  asp, 
aspen,  golden  aspen,  mountain 
aspen,  trembling  aspen, 
Vancouver  aspen,  poplar, 
popple,  alamo  bianco. 

black  Cottonwood,  California 
poplar,  Cottonwood,  balsam 
Cottonwood,  western  balsam 

poplar. 

Exotic  species  and  cultivars 
P.  alba  L.                   white  poplar,  abele      

P.  X  canescens  (Ait.)  Sm      gray  poplar            
(P.  alba.  X  P.  trcmula) 

P.  euphratica  Oliv.    Euphrates  poplar,  bahan, 
P.divercifolia  Schrenk.  Gharab-Palk-Saf-Saf. 
P.  ariana  Dode. 
P.  mauritanica  Dode. 
P.  honnetiana  Dode. 
P.  litwinowiana  Dode. 
P.  glaucicomans  Dode. 
P.  illicitana  Dode. 
P.  denhardtiorum  Dode. 
P.  priiinosa  Schrenk. 

P.  laurifolia  Ledeh.          .       laurel  poplar      
P.  tnaxiniowiczii  Henry    Japanese  poplar      

P.  koreana  Rehd. 

P.  nigra  L     black  poplar,  European 
black  poplar. 

P.  X  petrotvskyana  Schneid.  .  Petrowsky  poplar, 
(P.lanrifolia  X  deltoides?)  Russian  poplar. 

P.  sieboldiana  Miq    Siebold  aspen, 
P.  treniula  var.  viUosa  Franch.               Japanese  aspen, 

and  Sav. 
P.  siHionii  Carr.             Simon  poplar   

P.  przeivalskii  Maxim. 
P.  treniula  L             European  aspen,  tremble, 

Zitterpappel. 

Nova  Scotia  to  northeastern 
North  Dakota,  .south  to  Iowa 
and  Pennsylvania,  and  along 
the  mountains  to  North 
Carolina. 

Coastal  plain  from  Connecticut 
and  southeastern  New  York  to 
Georgia  and  northwestern 
Florida,  west  to  Louisiana, 
north  in  Mississippi  valley  to 
Indiana,  Ohio,  and  southern 
Michigan. 

Labrador  to  Alaska,  south  to 
Pennsylvania,  Missouri, 
northern  Mexico  and  lower 
California. 

Southern  Alaska  and  southern 
Yukon  south  to  southern 
California  and  western  Nevada. 
Local  in  Wyoming,  southwest- 

ern North  Dakota,  and 
northern  Lower  California. 

Central  and  southern  Europe  to 
western  Siberia  and  central 
Asia. 

Europe  and  western  Asia   

T,  S 

Spain  and  western  Morocco 
to  Kenva,  east  to  central  Asia. 

T,  S,E 

T,  S,  E 

T,  E 

Siberia        T,  E 
Northeastern  Asia,  Japan      T,  E 

Europe,  western  Asia    T,  S,  E 

Europe        T,  S,  E 

Japan            T,  E 

Northwestern  China  to  Korea  E 

Europe,  northern  Africa,  T,  S,  E 
northeastern  Asia. 

'T:  timber  production,  S:  shelterbelt,  E:  environmental  forestry. 

P.  tremula  (66).  Later  studies  of  P.  tremiiloides 
{12)  and  of  P.  deltoides  (16)  revealed  no  sig- 

nificant departure  from  the  expected  one-to-one 
sex  ratio. 

The  range  in  flowering  and  seed  ripening 
dates  for  individual  species  is  shown  in  table  2. 
In  the  aspens  and  balsam  poplars,  the  flowering 

period  and  time  of  seed  maturity  appear  to  be 
quite  regular  within  the  limits  of  ecotypic  zones ; 
diff'erences  in  flowering  time  from  year  to  year 
apparently  depend  on  current  temperatures 
(52).  In  the  eastern  cotton  wood  complex,  seed- 
fall  may  occur  during  May,  June,  July,  or  even 
August  during  a  single  season.  This  is  an  adap- 
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tation  of  high  survival  value  to  the  species  (52, 
71 ) .  Differences  between  trees  within  stands  in 
the  lower  Mississippi  valley  accounted  for  98 
percent  of  the  significant  variation  in  blooming 
dates  of  P.  deltoides  {17).  Wide  variation 
between  individual  trees  has  also  been  reported 
for  P.  tremuloides  and  P.  grandidentata  in  other 
regions  {2). 

The  possibility  of  forcing  the  flowering  of 
poplars  is  particularly  important  for  controlled 
breeding  in  the  greenhouse.  Branches  of  P. 
grandidentata,  collected  in  New  England  on 
October  31,  have  been  brought  into  bloom 
within  an  average  of  24  days  following  30  days 

storage  at  approximately  41°  F.  Male  flower- 
buds  normally  opened  one  to  two  weeks  earlier 
than  females  in  the  forced  material  (39).  In 
contrast,  the  results  of  a  study  with  P.  del- 

toides collected  in  central  Mississippi  suggested 

that  "...  a  relatively  long  exposure  to  winter 
temperatures  characteristic  of  the  lower  Mis- 

sissippi Valley  is  required  before  rapid  response 
to  a  forcing  environment  can  be  secured."  Male 
trees  could  be  forced  into  flowering  from  3  to 
11  days  earlier  than  females;  the  greatest 

difi'erence  was  observed  in  the  earliest  collection 
(15). 

Age  of  first  flowering  in  poplar  species  shows 
considerable  inter-  and  intraspecific  variation 

(table  3).  Cottonwoods  and  balsam  poplars  gen- 
erally reach  flowering  age  between  10  and  15 

years.  Usually,  little  seed  can  be  collected  from 
P.  deltoides  trees  less  than  10  inches  in  diameter 
or  less  than  10  years  old  (M). 

The  reported  weights  of  poplar  seeds  vary, 
between  and  within  species,  from  approximately 
140  thousand  per  pound  to  more  than  7  million 
per  pound  (table  4). 

It  has  been  estimated  that  a  P.  deltoides  tree 
about  40  feet  in  height  with  a  trunk  diameter  of 
2  feet  and  a  spi'ead  of  45  feet  bore  about  32,400 
catkins,  that  there  were  about  27  capsules  per 
catkin  (fig.  1),  that  the  average  number  of  seeds 
in  a  capsule  was  approximately  32,  and  the 
average  weight  of  100  seeds  (with  cotton)  was 
0.065  grams.  On  this  basis,  it  was  calculated  that 
this  tree  produced  nearly  28  million  seeds, 
weighing  approximately  40  pounds  (5). 

Aspen  species  also  produce  seeds  in  large 
quantities.  The  following  estimates  of  seed  pro- 

duction have  been  reported  for  sample  trees  of 
P.  tremnla  in  Estonia  and  Finland  (63)  : 

Seeds 
Ninnher 

8,700 
1,275,000 
205,000 

3,300,000 
54,000,000 

j'e  of  tree 
Catkins Years Number 

8 9 
25 

1,200 25 
500 

45 

10,000 
100 40,000 

Table  2. — Populus:  phenology  of  floivering  and  fruiting 

Species Location Flowering  dates Seed  ripening  and 
dispersal  dates 

Data 

source 

Native  species  and 
P.  acuminata   
P.  balsamifera   

P.  deltoides 
var.  deltoides. 

varieties 
Nebraska 
Alberta,  Canada 
Lake  States    
Eastern  Maine.... 

May            July   
Late  April    June  4-JuIy  2 
April-May    May-July   
   June   

Lower  Mississippi  valley 
Northeastern  region   

var.  occidentalism 

P.  fremontii 
var.  freynontii-. 
var.  wislizeniL 

P.  grandidentata 

Alberta,  Canada. 

Lincoln,  Nebr   

Early  March-early  April       Mid-May-late  August     . 
April-early  May      .     May-niid-June.      
February-April      April-August ..   — 
   Late  July-early  August.. 

Late  April-early  May.     June-August   
April-May         June     

Central  Arizona         
Albuquerque,  New  Mexico. 
Syracuse,  New  York    

P.  heterophylla 
P.  tremuloides  .. 

New  England. 

P.  trichocarpa. 

Lake  States      
Alberta,  Canada 
New  England   

Exotic  species 
P.  alba   

P.  X  canescens.. 
P.  tnaximowiczii 

P. nigra       

Vancouver  Island 

Nebraska         
Northeast,  U.S...... 
Northeast,  U.S.     . 

February  15-March  15       March-April   
April-May      June-July          
March  19-April  12       May  12-May  27   
Late  March-Mid-May    Early  May-late  June 
Mid-March-April        May-early  June   
March-May        April-July       

May  15-early  June..... 
Apirl  11-May  4    May  19-June  10       
Mid-March-April    May-early  June       
April-June        Late  May-mid-July.. .. 
           Early  June        

Rochester,  New  York 
Rochester,  New  York 

April-May     
April-May        May-June.. 
April-May      May-June. 
   July   
Late  April          August   
April    Late  May.. 

61 

51 

85 

71 

17 

71 85 

51 

85 
61 

29, 

Ul 

19 
85 

71 

85 

37 

51 

71 85 

U 

58 

71 
71 
62 

71 
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Table  3. — Popiihis:  height  at  maturity,  first  cultivation,  minimum  seed-hearing  age,  and  seed  crop 
frequency 

Heie-ht  at  Year  of  first  Minimum 
Species  maturity '  cultivation             seed-bearing ^  (65)  age 

Feet  Years 

Native  species  and 
varieties 

P.  acuminata    35-50(60)  1898  5-10 
P.  angustifolia.   ^    35-50(60)  1893 
P.  balsamifera    60-118  before  1689  8-10 
P.  deltoides 

var.  deltoides    80-190  before  1750  10 
var.  occidentalism  40-100  1908  10 

P.  fremontii 
var.  fremontii   _  50-100  1904  5-10 
var.  wislizeyiii    40-100  1894  5 

P.  grandidentata        30-90(100)  1772  10-20 
P.heterophylla_          80-90(100)  1656  10 
P.tremiiloides    50-90(100)  1812  10-20 
P.  trichocarpa    50-200  1892  10 

Exotic  species 
and  cultivars 

P.  alba          50-137  (  =  )  10-15 

P.  X  canescens    95-100  (130)  {"■)  8-15 
P.  laurifoUa    to  50  1830  8-10 
P.  maximowiczii    to  98  before  1890  10 

P.  nigra     _,  60-100  (=)  8-12 
P.simonii    to  40+  1862  10 

P.treinula             70-125  (=)  8-10 

'  Figures  in  parentheses  indicate  occasional  heights  on  favorable  sites. 
-  Long  cultivated. 

Interval 
between 

Data 
arge  seed 

sources crops 

Years 

1 
1 

1 
1 4-5 

1 
4-5 

1 

1 
1 

4-5 

33,61 
33,68 
33,71,85 

33,71, 8Jt, 85, 90 
9,33,61,68,85 

29,68 

hl,U2 33,71, 8U, 85, 87 
68,85 
33, 68,71, 81,, 85, 87 
33, 62, 68, 71, 8i, 85 

8,  22,  71 

71,88 62,71 
62,71 

26,71 
62,71 
63,  i9,  80,  8i 

Cottonwoods  and  balsam  poplars  produce 
large  seed  crops  almo.st  every  year;  aspens  pro- 

duce some  seeds  almost  every  year,  but  bumper 
crops  are  produced  at  intervals  of  from  3  to  5 
years.  Six-year  records  for  seed  shedding  by  bal- 

sam and  Russian  poplars  in  Alberta,  Canada,  in- 
dicated an  abundance  of  seed  in  all  years  ;  aspen 

produced  heavy  crops  of  seed  in  3  out  of  approxi- 
mately 7  years  and  comparatively  little  or  no 

seed  in  the  other  years  (51). 

Collection,  extraction,  and  cleaning  of  seeds. — 
Branches  bearing  near-mature  catkins  can  be 
brought  into  a  warm  room  or  greenhouse  and 
placed  in  water  to  allow  the  capsules  to  open 
{05).  If  catkins  are  to  be  picked  directly  from 
the  trees,  a  safe  criterion  for  time  of  collection 
is  when  a  small  percentage  of  the  capsules  are 
beginning  to  open  (H,  34,  hh,  51).  For  aspen,  it 
has  been  suggested  that  catkins  should  be  picked 
from  the  trees  when  the  seeds  are  light  straw 

Table  4. — Popiilus:  cleaned  seeds  per  pound 

Species 
Cleaned  seeds  per  pound 

Range Average 
Samples 

Data 

source 

Number 

Native  species  and  varieties 
P.  deltoides 

var.  deltoides           200,000-    590,000 

750,000-1,500,000 
         250,000-    479,000 

250.000-    294,000 

  '.        141,000-    165,000 

2,500,000-3,000,000 
Exotic  species 

P.treinula       2,660,000-7,550,000 

var.  occidentalism 

P.  grandidentata. m. 
P.  heterophylla   
P.  tremuloides      

Number 

350,000 
500,000 

3,000,000- 152,000 
3,600,000 

3,670,000 

Number 

6  + 
2+ 

2 
1 
4 
1 

30 

8i 

9,U 

18 

U,8i,85 
83 

84,85 

60 

84 

37,85 

84 

649 



POPULUS 

Pj  deltoides  var.  occidentalis 
plains  Cottonwood 

'^"^f^^iC w 
p.  fremontii  var.  fremontii 
Fremont  cottonwood 

P.  fremontii  var.  wislizeni 
Rio  Grande  cottonwood 

velocity  to  tumble  the  seed  in  the  upper  (cov- 
ered) screen,  permitting  the  seed  to  fall  through 

to  the  lower  screen  containers  {13,  65).  Air 
from  a  vacuum  cleaner  delivered  through  a 

small  nozzle  provides  sufficient  pressure  for  sat- 
isfactory cleaning  (71).  From  top  to  bottom, 

20-,  20-,  40-,  and  60-mesh  screens  have  been 
used  for  aspen;  the  seeds  are  collected  on  the 
40-  and  60-mesh  screens.  Cottonwood  seed  re- 

quires larger  mesh  screens  (13,  71).  Three 
screens  (32-,  16-,  and  150-mesh)  have  been  used 
for  P.  grandidentata  and  P.  balsamifera  (65). 
Larger  quantities  of  seed  can  be  cleaned  most 
efficiently  in  a  screened  rotating  drum  with  a 
fan  to  blow  the  seed  through  the  wire  screen; 
the  cotton  stays  inside  the  drum  (73). 

Specimens  of  cleaned  seed  of  Fremont  cotton- 
wood are  shown  in  fig.  2.  Seeds  of  Populus  have 

little  or  no  endosperm  (fig.  3). 

Figure  1. — Populus:  Catkins  consisting  of  mature,  but 
unopened  capsules,  %   X. Figure  2. — Populus  fremontii  var.  fremontii,  Fremont 

cottonwood:  cleaned  seeds,  4  X. 

color ;  those  collected  before  reaching  this  stage 
do  not  ripen  completely  and  yield  approximately 
50  percent  germination  (19). 

If  the  catkins  are  permitted  to  mature  on  cut 
branches,  the  seed  can  be  collected  in  an  up- 

holstery-type vacuum  cleaner  with  a  clean  cloth 
bag  substituted  for  the  dust  bag  (65).  Catkins 
picked  directly  from  the  trees  (or  from  cut 
branches)  can  be  spread  out  in  thin  layers  in 
pans  or  on  screens  at  ordinary  room  tempera- 

ture to  shed  their  seed  within  1  to  3  days,  de- 
pending on  the  ripeness  of  the  fruit.  Cottonwood 

seed  has  also  been  extracted  by  putting  the  ripe 
catkins  through  a  standard  seed  macerator  with 
the  cylinder  teeth  one-half  inch  apart  and  run- 

ning the  macerated  catkins  over  a  clipper  fan- 
ning mill  (l-i). 

Poplar  seed  can  be  separated  from  the  cotton 
by  rubbing  over  a  wire  screen  with  suitably 
small  mesh,  by  hand  or  with  a  heavy  brush  (19, 
4i),  but  only  about  20  percent  of  the  seed  is 
readily  extractable  by  this  method  (i4).  The 
most  efficient  method  for  freeing  poplar  seed 
from  its  cotton  is  by  the  use  of  an  air  stream. 
For  small  quantities  of  seed,  this  can  be  done  by 
placing  the  seed  with  cotton  in  standard  soil 
screens  and  applying  a  stream  of  air  at  high 

Drying  and  storage  of  seeds. — The  longevity 
of  poplar  seeds  under  natural  conditions  has 
been  reported  as  from  2  weeks  to  a  month,  vary- 

ing with  the  species,  the  season,  and  local  en- 
vironmental conditions.  There  is  some  evidence 

that  poplar  seed  may  have  a  longer  lifespan 
even  under  apparently  adverse  conditions  (23, 
82). 

Although  poplar  seeds  are  microbiotic,  with 
proper  drying  and  cold  storage  in  sealed  con- 

tainers, their  viability  can  be  maintained  for 
several  years.  Prestorage  drying  immediately 
after  collection  is  an  essential  part  of  successful 
storage  procedure.  Recommendations  for  drying 
time  have  varied;  for  example,  2  or  3  days  at 

70°  F.  (51);  3  to  8  days  at  76°-77°  F.  (19). 
Seeds  dried  one  day  lost  their  viability  in  13 
weeks  even  when  stored  at  41°  F.  (19).  Viability 
in  storage  was  improved  and  germination  was 
relatively  higher  if  the  moisture  content  of  the 
seed  was  held  at  5  to  8  percent;  a  large-scale 
operation  showed  that  a  fan  blowing  through  a 
cylinder  20  cm.  long  and  50  cm.  in  diameter 
could  dry  10  kg.  of  seed  in  8  hours  (^6). 

Cold  storage  at  about  41°  F.   (or  lower)  of' 
fully  matured  and  properly  dried  seed  has  been  | 
found  important  for  extensive  prolongation  of 
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Figure  3. — Populus  deltoides  var.  deltoides,  eastern  Cot- 
tonwood: longitudinal  section  through  the  embryo  of 

a  seed,  20  X. 

vitality.  P.  deltoides  and  P.  tremtda  seeds,  air 
dried  for  4  days  at  room  temperature  and  stored 
in  stoppered  vials  in  a  household  refrigerator 

(36°-40°  F.)  have  shown  50  to  70  percent  vigor- 
ous germination  after  2  years  {71).  P.  grandi- 

dentata  seed  dried  5  days  and  stored  at  a  con- 

stant temperature  of  41°  F.  was  76  percent  via- 
ble after  3  years ;  P.  tremuloides,  dried  for  3 

days  before  storing  at  41  F.  for  1  year,  gave  97 
percent  germination  (19). 

Seed  of  the  cultivar  Petrowskyana  (Russian 

poplar),  stored  over  calcium  chloride  at  23°  F., 
gave  70  percent  vigorous  germination  after  2 
years ;  optimum  relative  humidity  for  longevity 
appeared  to  be  approximately  10  percent  (51). 

Possibly  the  longest  reported  storage  periods 
for  maintained  viability  are  for  P.  sieboldiana 

■  with  81  percent  germination  after  6I/2  years  in 
storage,  and  for  P.  simonii  with  26  percent  via- 

bility after  storage  for  314  years.  On  the  basis 
'  of  these  results,  it  was  recommended  that,  for 
long-time  storage,  moisture  content  be  reduced 

I  to  at  least  6  percent  of  the  dry  weight  of  the 
seeds  by  heating  under  104°  F.,  or  by  using  a 
desiccating  agent,  and  sealed  storage  at  a  tem- 

perature under  32°  F.  (69). 

I     Stoz-age  under  vacuum   (10,  i5,  66,  70)   ap- 
'  pears  to  favor  seed  longevity,  but  available  evi- 

dence indicates  no  practical  advantage  over 
proper  predrying  of  seed  and  cold  storage  in 
air-tight  containers  (28). 

Germination  tests. — Some  of  the  published 
reports  on  viability  of  poplar  seeds  under  vari- 

ous conditions  and  times  of  storage  may  be  mis- 

leading because  the  authors  have  failed  to  define 
their  criteria  for  germination  (10,  16,19,  2U,  38, 
U7 ,  66,  70).  Germination  has  been  defined  in  the 

glossary  of  this  manual  as  ".  .  .  the  development 
of  plane  parts  that  indicate  a  potential  for  de- 

veloping into  a  normal  plant."  There  is  evidence 
that  poplar  seeds  may  show  viability  by  break- 

ing their  seedcoats  and  even  by  elongation  of  the 
hypocotyl  and  cotyledons  and  yet  not  have 
enough  vitality  to  produce  a  normal  plant. 

Germination  has  been  considered  normal  if 
the  hypocotyl  has  grown  out  of  the  seedcoat  just 
far  enough  to  raise  one  end  of  the  seed  from  the 
substratum  (69).  Germinated  seedlings  of  P. 
alba  with  well-developed  hypocotyl  hairs,  regu- 

lar growth,  and  geotropic  response  have  been 
considered  as  normal.  Most  abnormal  seedlings 
showed  poor  development  of  the  hypocotyl  hairs, 
absence  of  firm  attachment  to  the  substrate,  and 
imperfect  geotropism.  In  a  few  of  the  abnormal 
germinating  seeds,  the  cotyledons  appeared 
first;  the  elongation  of  these  plants  was  much 
reduced  and  geotropism  was  completely  lacking 

(57). 
Germination  of  European  aspen  seed  stored 

for  2  years  in  a  partial  vacuum  at  35°-37°  F. was  evaluated  on  the  basis  of  (a)  germinative 
capacity  as  98  percent,  and  (b)  ability  to  reach 
the  transplantable  (pricking-out)  stage,  the  de- 

velopment of  a  primary  leaf,  as  79  percent  (Jf5). 

Although  fresh  seeds  of  P.  deltoides  will  ger- 
minate normally  when  soaked  in  water  (31), 

germination  tests  of  stored  seed  may  involve 
injury  from  too  rapid  imbibition  of  water  even 
on  moderately  moist  filter  paper.  Such  damage, 
dependent  on  the  moisture  content  of  the  seed, 

has  been  reported  in  P.  alba.  At  8-percent  mois- 
ture content  the  damage  from  rapid  soaking 

was  very  severe,  but  it  was  also  evident  in  seeds 
containing  12.6  percent  water.  Injury  was  con- 

trolled by  decreasing  the  diff'usion  pressure  def- 
icit of  the  seeds  by  presoaking  them  in  a  2  molar 

solution  of  sucrose  for  one-half  hour  and  then 
washing  it  out  with  distilled  or  tap  water.  Aera- 

tion with  humid  air  can  also  "restore"  the  via- 
bility of  the  seeds  (57). 

Small  seeds  do  not  germinate  as  readily  nor 
retain  their  viability  as  long  as  large  seeds  of 
the  same  species.  P.  grandidentata  seeds,  dried 
4  days  and  planted  when  13  to  17  days  old, 
showed  an  average  germination  of  45  percent 
for  small  seeds  graded  on  a  40-mesh  screen,  as 
compared  with  96  percent  for  large  seeds  graded 
on  a  30-mesh  screen  (19).  Germinated  seedlings 
of  P.  deltoides  from  large  seeds  (0.6  g./lOOO 
seeds  or  750,000  seeds  per  pound)  grew  twice 
as  much  as  those  from  small  seeds  (0.3  g./lOOO 
seeds  or  1,500,000  seeds  per  pound)  during  a 
144-hour  period  (18). 
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Germination  tests  have  been  reported  com- 
parable when  they  were  made  on  filter  paper 

moistened  with  distilled  water,  sand  of  pH  7.0, 
and  humus  of  pH  8.5 ;  but  only  82  percent  ger- 

minated on  sand  of  pH  4.5  as  compared  with  98 
percent  on  the  other  media  {19). 

The  best  germination  of  aspen  was  obtained 

at  both  84°  F.  and  89°  F.,  but  the  sturdiest  seed- 
lings were  those  germinated  at  temperatures 

from  41°  to  84°  F.  Seedlings  of  P.  grandiden- 
tata,  3  weeks  old,  were  twice  as  tall  when  germi- 

nated at  84°  F.  as  those  germinated  at  95°  F. 
{19).  The  average  time  for  initial  germination 
(the  point  at  which  the  hypocotyl  had  raised 
one  end  of  the  seed  from  the  substratum)  of 
stored  seed  was  reported  to  be  48  hours  for  seeds 

germinated  at  68°  F.  This  increased  to  only  a 
slight  degree  as  the  seeds  aged  {69). 

An  early  report  {36)  indicated  that  germina- 
tion is  best  in  light.  Seed  of  P.  cv.  Italica  ger- 

minated 100  percent  in  12  hours;  in  cultures 
held  in  the  dark,  100  percent  germination  was 
not  obtained  until  48  hours.  A  later  study  {6) 
indicated  that  light  does  not  have  any  bearing 
on  the  course  of  germination  of  European  aspen. 

The  International  Rules  for  Seed  Testing 
(1966)  specify  the  following  materials  and  con- 

ditions for  the  testing  of  seeds  of  Pnpnlus  spe- 
cies :  Germination  on  top  of  one  or  more  layers 

of  moist  paper;  temperature  68°  to  86°  F.,  ger- 
mination under  light  from  either  a  natural  or  an 

artificial  source ;  first  counts  to  be  made  after  3 
days,  final  count  at  14  days;  test  by  using  units 
of  0.25  g.  of  seed,  weighed  to  nearest  mg. ;  report 
such  tests  as  number  of  germinable  seeds  in  the 
quantity  tested  {32). 

Germination  of  poplar  seeds  with  the  poten- 
tial for  developing  into  normal  plants  is  suffi- 

ciently rapid  to  warrant  first  counts  after  48 
hours  and  final  counts  at  5  to  7  days.  Units  of 
0.25  g.  of  seed  would  contain  approximately 
1300-1600  seeds  of  P.  grandidentata  and  100- 
300  seeds  of  P.  deltoides.  Replicated  tests  of  50 
or  100  seeds,  with  careful  and  proper  evaluation 

of  "normal"  germinants  (potentially  viable 
plants)  would  be  more  effective  than  a  count  of 

hundreds  of  "germinable"  seeds  {71). 
Nursery  practice. — Natural  seed  regeneration 

of  eastern  cottonwood  can  be  obtained  on  moist 
sites  by  exacting  site  preparation  {35)  ;  the 
successful  production  of  poplar  nursery  stock 
from  seed  also  requires  equally  exacting  and 
more  or  less  unique  nursery  practice. 

Poplar  seed  should  not  be  covered  {4 A)  and 
should  not  be  pressed  into  the  soil  of  the  seedbed 
{64).  The  young  seedlings  are  extremely  sus- 

ceptible to  drying,  to  the  washing  action  of  rain 
or  coarse  sprinkling  methods,  and  to  damping 
off  and  other  soil  fungi.  The  critical  factor  for 

seed  germination  is  a  water-saturated  seedbed, 
but  seedling  survival  depends  on  continuously 
favorable  conditions  (particularly  abundant 
moisture)  for  at  least  one  month. 

Fresh  seed  usually  begins  to  germinate  within 
a  few  hours,  and  within  12  hours  the  hypocotyl 

has  begun  to  grow  out  of  the  seedcoats.  A  circu- 
lar brush  of  delicate  hairs  develops  rapidly 

around  the  base  of  the  hypocotyl,  the  hairs  be- 
come attached  to  the  soil,  and  as  the  hypocotyl 

continues  to  grow  it  straightens  and  lifts  the 
seed  off  the  ground.  From  4  to  6  days  after  the 
beginning  of  germination,  the  hypocotyl  has 
usually  grown  straight  and  upright,  and  the 
cotyledons  have  thrown  off  the  seedcoat.  During 

this  period,  and  until  the  primary  root  has  be- 
come firmly  anchored  in  the  soil,  irreparable 

damage  may  be  done  by  drying  of  the  hairs  or 
by  wrenching  the  seedling  from  its  anchorage 
by  washing  or  flooding  the  surface  of  the  soil. 
Beginning  about  the  fifth  day,  the  primary  root 
begins  to  grow  slowly;  after  12  days  the  root 
may  be  only  1.5  mm.  in  length.  The  growth  of 
the  root  system  continues  rather  slowly  for 
about  3  weeks  to  1  month,  taproots  of  seedlings 
of  the  cultivar  Petrowskyana,  grown  indoors  in 
fairly  strong  light,  averaged  only  2.5  cm.  in 
length  at  the  end  of  one  month.  Subsequent  de- 

velopment of  the  root  system  is  much  more  rapid 
{51,59,  71,27). 
The  requirement  for  adequate  moisture  can 

be  met  by  shallow  irrigation  ditches  through 
the  length  of  the  seedbeds,  by  the  use  of  soaker 
hoses  or  by  a  fine-spray  sprinkler  system. 

The  use  of  shallow  ditches  for  continuous  (or 
intermittent)  irrigation  requires  nursery  land 
with  about  a  1-percent  slope.  Shallow  irrigation 
furrows  have  been  prepared  with  pairs  of  con- 

caved disks  on  a  standard  tractor  cultivator 
frame.  Each  pair  of  disks,  with  cutting  edges 
approximately  6  to  8  inches  apart,  was  adjusted 
to  dig  two  small  furrows  about  3  inches  deep; 
this  arrangement  left  an  undisturbed  band  of 
soil  about  6  inches  wide  on  which  cottonwood 

seed  was  planted.  Before  seeding,  water  was  al- 
lowed to  flow  in  the  furrows  until  the  smooth 

band  of  soil  between  the  furrows  was  thor- 
oughly wet.  Seed  was  spread  by  hand  on  the 

tops  of  the  wet  furrows  at  a  density  of  50  to  80 
seeds  per  foot  to  insure  a  good  stand.  The  rows 
were  sprayed  with  a  fine  mist  from  a  garden 
sprayer  immediately  after  sowing  to  seal  the 
soil  around  the  seed  and  give  them  contact  with 
the  moist  medium  {lit).  Seedbeds  for  furrow 
irrigation  have  also  been  prepared  by  breaking 
out  the  furrows  with  a  middlebuster  and  then 
leveling  off  the  bed  surface  with  a  rake  or  drag 

{U). 
For  eastern  cottonwood,  about  one  ounce  of 

clean  seed  per  100  square  feet  of  seedbed  (about 
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300  seed  per  square  foot)  has  been  recommended 
for  broadcast  seeding,  and  100  seeds  per  linear 
foot  for  drill-sowing.  The  beds  should  be  thinned 
when  about  4  weeks  old  to  approximately  20 
trees  per  square  foot  (9,  4i)- 

Cottonwood  seed  has  been  sown  on  nursery 
beds,  soaked  to  a  depth  of  6  to  8  inches,  by  hang- 

ing mature  catkins  on  two  wires  stretched  3  feet 
apart  and  1  foot  above  the  beds.  The  wires  also 
supported  snow  fencing  used  for  partial  shade. 
The  catkins  were  placed  2  feet  apart  on  the 
wires  in  a  scattered  or  alternate  pattern  and  the 
shades  were  then  put  in  place.  Burlap  was 
stretched  on  bot?i  sides  to  prevent  the  seed  from 
blowing  away  and  was  removed  when  germina- 

tion was  completed.  During  the  first  3  days  of 
seedfall,  the  beds  were  sprinkled  with  a  garden 
hose  every  2  hours  during  daylight,  care  being 
taken  to  prevent  wetting  the  catkins.  After  most 
of  the  seeds  were  down,  the  beds  were  watered 
daily  for  several  weeks  with  a  standard  over- 

head sprinkler  system.  There  was  an  average  of 
94  seedlings  per  square  foot  at  the  end  of  the 
first  summer.  This  density  was  too  high  for 
satisfactory  seedling  development;  to  reduce  the 
seedling  density,  the  catkins  could  be  placed 
further  apart  or  the  beds  should  be  thinned 
when  the  seedlings  are  well  established   (21). 

Cottonwood  catkins  have  also  been  hung  on 
standard  snow  fence  supported  by  1x6  side 
boards,  with  two  rows  of  1x6  boards  to  divide 
the  beds  lengthwise  into  14-inch  strips  as  baffles 
to  keep  the  cotton  from  drifting  to  the  sides  of 
the  bed.  The  catkins  were  spaced  about  3  inches 
apart  in  each  .strip;  6-inch  spacing  would  be 
sufficient  with  good  catkins.  Burlap  or  Erosinet 
was  placed  over  the  snow  fence  to  confine  the 
cotton  and  irrigation  was  not  started  until  suf- 

ficient seed  had  been  dispersed  on  the  surface  of 
the  bed  (91). 

Nursery  beds  may  be  covered  with  glass  or 
plastic  screens  for  protection  against  rain  dur- 

ing the  first  month  or  two  after  sowing.  Shades 
and  screens  help  to  conserve  moisture,  but  they 
are  needed  only  if  sufficient  moisture  cannot 
otherwise  be  maintained  (ii). 

To  avoid  loss  from  fungi,  poplar  nursery  beds 
have  been  sterilized  by  steam  (73)  and  by  soil 
fumigation  with  methyl  bromide  and  the  addi- 

tion of  a  thin  layer  of  acid  sand,  pH  4.5-5.0  (11). 
Five  seed  treatments,  5  soil  additives,  6  soil 
drenches,  and  steaming  failed  to  give  satisfac- 

tory control  of  damping-off  in  greenhouse  flats. 
Soil  drenches  with  formaldehyde  or  with  boiling 
water  controlled  the  disease,  but  difficulties  in 
lifting  the  seedlings  from  the  soil  nullified  the 
value  of  these  treatments.  Finely  divided  sphag- 

num moss  proved  to  be  the  best  medium  for  cul- 
turing  poplar  seedlings  in  the  greenhouse  (78). 
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PROSOPIS 

Leguminosae — Legume  family 

PROSOPIS  JULIFLORA  (Swartz)  DC. 

by  S.  Clark  Martin  ̂   and  Robert  R.  Alexander 

Mesquite 

Growth  habit,  occurrence,  and  use. — Mesquite 
is  a  deciduous,  thorny,  shrub  or  small  tree  native 
to  the  tropical  or  subtropical  regions  of  the 
Western  Hemisphere,  Africa,  the  Middle  East, 
and  India  (3,  6).  In  the  United  States,  three 
closely  interpraded  varieties  are  recognized. 
Honey  mesquite  (Prosopis  juli flora  var.  glandu- 
losa  (Torr.)  Cockerell)  is  found  throughout 
much  of  Texas,  eastern  New  Mexico,  and  as  far 
north  as  Kansas  and  southeastern  Colorado. 

Western  honey  mesquite  (P.  juUflora  var.  tor- 
reyana)  occurs  mainly  in  New  Mexico,  west 
Texas,  and  southeastern  and  western  Arizona. 
Velvet  mesquite  (P.  juliflora  var.  velutina 
(Woot. )  Sarg.)  is  found  mainly  in  southern  and 
central  Arizona,  southwestern  New  Mexico,  and 
northern  Sonora,  Mexico  {2). 

Mesquite  is  a  good  fuel  and  charcoal  wood  and 
makes  moderately  durable  fenceposts.  Mesquite 
pods,  which  have  been  used  for  human  food  in 
primitive  cultures,  are  high-quality  livestock 
forage.  Mesquite  foliage  is  browsed  by  livestock, 
and  its  flowers  are  a  source  of  excellent  honey 
(6).  The  tree  is  also  used  for  highway  landscap- 
ing. 

Flowering  and  fruiting. — Mesquite's  perfect 
flowers  open  from  mid-March  through  May  in 
the  southwestern  United  States  {3).  The  fruit  is 
an  indehiscent  pod  containing  several  seeds 
(fig.  1),  which  ripen  from  August  to  September 
(5).  Ripe  fruits  vary  in  color  from  straw  to 
reddish  brown  and  are  often  mottled  {9).  The 
flat,  shiny,  brown  seeds  have  no  endosperm 
(fig.  2).  _ 

Collection,  extraction,  and  storage. — Ripe 
pods  may  be  stripped  from  living  trees  or  picked 
up  from  the  ground.  Seed  extraction  is  facili- 

tated by  allowing  the  pods  to  dry  for  several 
days  at  normal  air  temperature.  Seeds  may  be 
extracted,  cleaned,  and  fumigated  as  soon  as 
pods  become  dry.  Prompt  fumigation  is  neces- 

sary for  killing  larvae  of  weevils  that  infest 
seeds  of  mesquite.  Fumigation  of  pods  is  also 
effective.  If  pods  are  fumigated  promptly  after 
they  are  collected,  seeds  can  be  extracted  later. 

'  Rocky  Mountain  Forest  and  Range  Exp.  Stn. 
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Small  lots  of  pods  may  be  crushed  manually  to 
extract  the  seeds.  Pods  in  large  lots  may  be 
broken  up  by  running  them  through  either  a  dry 
macerator  or  a  hammer  mill.  Sound  seeds  may 
then  be  separated  from  the  debris  by  screening 
and  fanning.  From  9,000  to  1C,000  seeds  have 
been  obtained  from  1  pound  of  freshly  collected 
pods  (4).  The  average  number  of  seeds  per 
pound  in  four  samples  was  13,400  v^th  a  low 
of  9,390  and  a  high  of  17,400  {3).  Seed  longevity 
data  are  not  available  for  specified  storage  con- 

ditions, but  air-dried  seeds  at  room  temperature 
probably  will  remain  viable  for  several  years 
{■It,  8). 

Pregermination  treatments. — Hardseededness 
is  common  among  seeds  of  mesquite,  so  most 
seed  lots  must  be  scarified  to  make  the  seeds 

Figure  1. — Prosopis  juliflora,  mesquite:  pod,  V2  X. 

Figure    2. — Prosopis    juliflora,    mesquite:    longitudinal 
section  through  a  seed  and  exterior  view,  5  X. 



Table  1. — Prosopis: 

ge7 

mination  test  conditions  and results 

PROSOPIS 

Seed Scarification 
treatment 

Germination 
medium 

Temperature 

Average 

germination capacity 

Data 

age 

Day 

Night 
source 

Years 
11 

50 

Knife  nick 
  do   
None      
H-SOi 

Wet  paper   
  do   
  do   
Wet  sand 

"F. 

..-.         
80 
80 
80 
86 

"F. 

80 

80 
80 
68 

Percent 
98 

60 

18 

88 

3 
S 
3 

10 

permeable  to  water.  An  exception  is  a  fresh 
collection  that  has  not  been  dried.  Such  seeds 
germinate  promptly  without  pretreatment  (5). 
Small  samples  of  hard  seeds  have  been  scarified 
effectively  by  nicking  each  seed  with  a  knife  {3). 
Immersion  of  seeds  in  absolute  ethyl  alcohol  for 
72  hours  also  has  been  used  {1) .  For  large  lots 
of  hardseeded  species,  a  sulfuric  acid  treatment 
is  very  effective  if  the  soaking  time  in  the  acid 
is  predetermined  for  each  seed  lot  (5).  Optimum 
soaking  times  for  several  lots  of  seed  of  P. 
stephanicma  (Willd.)  Spreng.  varied  from  20  to 
30  minutes  (7). 

Germination, — Some  increases  in  germination 
capacity  of  mesquite  seeds  that  resulted  from 
scarification  are  shown  in  table  1.  Germination 
of  scarified  seeds  was  complete  10  days  after 
exposure  to  the  test  conditions  (5).  Germination 
is  epigeal  (fig.  3). 
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PRUNUS 

Rosaceae — Rose  family 

PRUNUS  L. Cherry,  peach,  and  plum 

by  Ted  J.  Grisez  ̂  

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Primus — often  called  the  stone  fruits — is 

one  of  the  most  important  genera  of  woody 
plants.  Its  five  well-marked  subgenera  include 
the  plums  and  apricots  (Prunophora),  the  al- 

monds and  peaches  (Amygdalus) ,  the  umbellate 
cherries  (Cerasus),  the  deciduous  racemose 
cherries  (Padus),  and  the  evergreen  racemose 
or  laurel  cherries  (Laivrocerasus).  Nearly  200 

'  Northeastern  Forest  Exp.  Stn. 

species  ranging  from  prostrate  shrubs  to  trees 
over  100  feet  tall  are  found  in  the  North  Tem- 

perate Zone,  with  a  few  in  Central  and  South 
America  (7,  5^,  54).  By  far  the  greatest  number 
of  species  of  cherries  occur  in  eastern  Asia  iUO), 
but  most  of  the  long-cultivated  food-producing 
species  originated  in  Europe  and  western  Asia 
(table  1).  Over  100  species  have  been  brought 
under  cultivation  (54).  Twenty-four  of  the  more 
important  species  for  planting  in  the  United 
States  are  described  in  table  1. 

Table  1. — Primus:  ywmenclature,  growth  habit,  occurrence,  and  use;  data  compilers 

Scientific  names 
and  synonyms 

Common  names Growth 

habit ' 

Occurrence 

Uses 
' 

Data  compilers 
for  the  species 

P.  alleghaniensis  Porter. 

P.  ainericana  Marsh, 
var.  atnericana 

var.  lanata  Sudw. 

P.  amygdalus  Batsch   
Aviygdalus  communis  L. 
P.  communis  Fritsch. 

P.  angustifolia  Marsh. 

Allegheny  plum, sloe, 

Allegheny 

sloe,  Porters 

plum. 
American  plum, 

wild  yellow 
plum,  red 

plum. 
inch  plum 
almond   

tree  or     Connecticut  to  Pennsyl- 
shrub       vania  and  south  in 

mountains  to  Georgia. 
Also  in  Michigan. 

tree  or     Massachusetts  to 
shrub       Manitoba,  New 

Mexico,  central 
Texas  and  northwest 
Florida. 

H,  S,  E 
T.  J.  Grisez. 

P.  armeniaca  L     
Armeniaca  vulgaris  Lam. 

P.  avium  (L.)  L   
P.  cerasus  avium  L. 
Cerasus  avium  Moench. 

P.  besseyi  Bailey     
P.  prunella  Daniels. 
P.  pumila  besseyi  (Bailey) 

Waugh. 

Chickasaw 
plum, 
sand  plum 

(var. 
watsoni) 

apricot 

mazzard,"  sweet 
cherry  gean,' 
bird  cherry.^ 

Bessey  cherry, 
western  sand cherry. 

tree    West  Asia  and  possibly 
north  Africa. 
Occasional  escape 
from  cultivation. 

tree  or     Missouri,  southern 
shrub       Nebraska  to  north- 

west Texas  and 
Louisiana. 
Naturalized  east  to 
central  Florida, 
New  Jersey,  and 
Illinois. 

tree    West  Asia.  Occasional 
escape  from 
cultivation. 

tree  Europe  and  west 
Asia.  Naturalized 

locally  in  south- eastern Canada  and 
eastern  United 
States. 

shrub  Manitoba  to  Wyoming 
south  to  Kansas  and 
Colorado. 
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H,  W,  S,  E  ,   David  Dawson. 

H,  E    William  W.  Oliver. 

H,  W,  S,  E Charles  Segelquist 
and  T.  J.  Grisez. 

H,  W,  E 

H,  E 

H,  W,  E 

William  W.  Oliver. 

T.  J.  Grisez. 

R.  A.  Read. 
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Table  1. — Prunus:  nomenclature,  groivth  habit,  occurrence ,  and  use;  data  compilers — Continued 

Scientific  names 
and  synonyms 

Common  names Growth 

habit ' 

Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

P.  cerasifera  Ehrh   
P.  domestica  var. 

myrobalan  L. 
P.  myrohalana  Loisel. 
P.  korolkowi  Vilm. 

P.  cerasus  L     
Cerasus  vulgaris  Mill, 

(and  many  others). 

P.  domestica  L   
P.  damascena  Dierb. 
P.  communis  Huds. 

myrobalan  tree 

plum,' 
chen-y  pi  urn, 
marianna 

plum. sour  cherry,  tree 
pie  cherry. 

P,  emarginata  Dougl     .... 
P.  molds  Walpers. 
Cerasus  prunifolia  Greene 

(and  many  others). 
P.ilicifolia  (Nutt.) 

D.  Dietr. 

P.  insititia  L.      
P.  domestica  insititia 

Fiori  and  Paol. 

P.  mahaleb  L   
Cerasus  mahaleb  Mill. 

P.  munsoniana  Wight 
and  Hedr. 

P.  padus  L....       
P.  racemosa  Lam. 
Padus  racemosa  Schneid. 
Cerasus  padus  DC. 

garden  plum, 

plum. 

tree  . 

bitter  cherry, 
wild  cherry, 
narrowleaf 
cherry. 

shrub  or 
tree. 

hoUyleaf  cherry, islay, 

evergreen 
cherry. 

tree  or 
shrub 

bullace  plum, 
damson. 

tree  or 

shrub 

mahaleb  cherry, 
mahaleb, 
St.  Lucie cherry, 

perfumed cherry. 

tree 

wildgoose  plum, 
Munson  plum. 

tree  or 
shrub 

European  bird 
cherrv. 

tree 

P.  pensylvanica  L.  f   
P.  persicifolia  Desf. 
P.  moyitana  Marsh. 
P.  lanceolata  Willd. 

P.  persica  Batsch   
Amygdalus  persica  L. 
Persica  vulgaris  Mill. 

pin  cherry,  tree  or 
fire  cherry,  shrub 
wild  red 
cherry,  bird 
cherry. 

peach,  tree 
common  peach. 

P.  pumila  L.            
P.  depressa  Pursh. 
P.  susquehanae  Willd. 
Cerasus  canadensis  Mill. 

sand  cherrv shrub 

H,  W,  E 

H,  W,  E 

West  Asia.  Spread 
from  cultivation. 

West  Asia  and  south- 
eastern Europe. 

Naturalized  locally 
from  Nova  Scotia 
and  Michigan  to 
north  Florida  and 
westward. 

West  Asia  and  Europe. 
Naturalized  locally  in 
southeastern  Canada, 
northeastern  United 
States,  and  Oregon. 

British  Columbia  to 
southern  California, 
Arizona  and  Montana. 

Coast  region,  central 
to  southern  California 
and  in  northern 
Lower  California, 
Mexico. 

West  Asia  and  Europe. 
Naturalized  locally 
from  Nova  Scotia 
and  Maine  to  New 
York  southwestward. 

West  Asia  and  Europe. 
Naturalized  locally 
in  southeastern 

Canada  and  north- eastern United  States. 

Kansas,  Kentucky,  and     H,  E. 
Illinois  south  to 
Texas  and  northern 
Mississippi. 
Naturalized  eastward 
to  southern  Ohio  and 
Georgia. 

Europe  and  northern         H,  E 
Asia  to  Korea  and 
Japan.  Spread  from 
cultivation  in 
southeastern 
Canada  and  north- 

eastern United 
States. 

Newfoundland  to  H,  E 
British  Columbia 
south  to  Colorado, 
South  Dakota, 
Pennsylvania,  and 
in  mountains  to 
Georgia. 

China.  Naturalized  H,  E. 
locally,  New  England, 
southern  Ontario  and 
Michigan  to  eastern 
Texas  and  Florida. 

E...       T.J.  Grisez. 

H,  E    T.  J.  Grisez. 

E     T.  J.  Grisez. 

Peter  F.  Stickney. 

Richard  L.  Hubbard. 

E      T.  J.  Grisez. 

H,  E        T.J.  Grisez. 

Charles  Segelquist 
and  T.  J.  Grisez. 

T.  J.  Grisez. 

T.  J.  Grisez. 

New  Brunswick  to 
Manitoba,  Illinois, 
and  New  Jersey. 

H,  E 

H.  L.  Barnes. 

David  H.  Dawson 
and  T.  J.  Grisez. 
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Table  1. — Prunus:  nomeyiclature,  growth  habit,  occurrence,  and  use;  data  compilers — Continued 

Scientific  names 
and  synonyms 

Common  names Growth 

habit ' 

Occurrence 

Uses " 

Data  compilers 
for  the  species 

P.  serotiua  Ehrh          
P.  virginiana  L. 
Padus  virginiana  (L)  Mill. 
Padus  serotina  Borkh. 

P.  spinosa  L. 

black  cherry, tree   Nova  Scotia,  southern 
rum  cheiTy, Ontario  and 
wild  black Minnesota  to  eastern 
cherry,  wild Nebraska,  eastern cheiTy. Texas,  and  central 

Florida.  Also  in 
Mexico  and 
Guatemala. 

sloe,  blackthorn. shrub  or Europe,  north  Africa, 
tree. and  west  Asia. 

Naturalized  locally 
in  southeastern 

Canada  and  north- eastern United 
States. 

T,  H,  E..._    T.  J.  Grisez. 

H,  E    T.  J.  Grisez. 

P.  siibcordata  Benth    Klamath  plum. 
Pacific  plum, 
Sierra  plum, 
western  plum. 

P.  tomentosa  Thunb.        Manchu  cherry, 
P.  trichocarpa  Bge.  Nanking 
Cerasus  tomentosa  Wall.  cherry. 

P,  virginiana  L    common 
P.  nana  DuRoi.  chokecherry. 
P.demissa  (Nutt. ) 

D.  Dietr. 
Padus  nana  (DuRoi) 

Borkh. 

tree  or     Western  and  southern       H,  E 
shrub       Oregon  to  central 

California. 

T.  J.  Grisez. 

shrub- 

tree  or 
shrub 

China,  Japan, 
Himalayas.  Central 
and  northern  Great 
Plains. 

Newfoundland  to 
British  Columbia, 
south  to  southern 
California.  New 
Mexico,  Kansas, 
Illinois,  Maryland, 
and  south  in 
mountains  to  Georgia. 

H,  S,  E      Robert  R.  Alexander. 

H,  W,  S,  E  -   T.  J.  Grisez. 

'  All  listed  species  except  one  are  deciduous.  P.  ilicifoUa  is  evergreen. 
"T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
'  Names  commonly  used  for  the  wild  form. 

Many  of  the  stone  fruits  have  been  cultivated 
since  ancient  times  for  their  edible  fruit  and  a 
few  for  edible  seeds.  Wild  species  have  also  been 
a  soui'ce  of  food  for  Indians  and  early  settlers  in 
this  country,  and  are  still  used  to  some  extent. 
Selections  of  several  wild  plums  have  been 
propagated  for  fruit  production.  Several  species 
are  useful  as  ornamentals  because  of  their 
showy  flowers,  variety  of  growth  habits,  and 
because  they  are  relatively  fast-growing,  easy  to 
grow,  and  adapted  to  a  wide  variety  of  soils  and 
climates  {39,  W,  75,  Si).  Trees  for  fruit  pro- 

duction and  many  ornamentals  are  propagated 
by  budding  or  grafting,  but  seed  production  is 
necessary  to  grow  the  rootstocks  and  in  breeding 
programs.  The  most  important  rootstock  species 
and  their  scion  combinations  include  P.  amyg- 
dalus  rootstock  for  almonds  and  plums;  P. 
armeniaca  for  apricots  and  plums;  P.  avium  for 
sweet  cherries;  P.  mahaleb  for  sweet  and  sour 
cherries ;  P.  persica  for  peaches,  almonds,  apri- 

cots, and  plums ;  P.  americana  for  plums  in  cold 
climates;  P.  besseyi  for  dwarf  peaches;  P.  vt- 
sititia  St.  Juliep  types  for  plums ;  and  P.  cerasi- 
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fei'a  mariana  types  for  almonds  and  plums  and 
myrobalan  types  for  plums  (14,  39). 

Pnoius  serotina  is  the  most  important  timber- 
producing  species,  but  several  others  that  attain 
sufficient  size,  such  as  P.  avium  and  P.  mahaleb 
in  Europe  and  P.  serrulata  in  Japan,  are  used 
for    wood    products.    Minor    products    include 
drugs,  cordials,  flavorings,  honey,  and  perfume 
oil  (22,  40).  Probably  all  wild  species  are  useful 
to  wildlife  as  food.  Birds  and  mammals  eat  the 
fruit,  rodents  eat  the  seeds,  and  leaves,  twigs 
and  bark  are  used  by  deer  and  beaver  (32,  67 
115).  Several  thicket- forming  species  of  plumj 
and  cherries  provide  cover.  Livestock  feed  or 
several  species  but  some  can  be  poisonous  (115) 
Several  species  are  used  for  erosion  control  anc 
in  shelterbelts  (24,  114).  In  addition  to  thos( 
indicated  in  table  1,  P.  cerasus,  P.  padus,  am 
P.  spi}iosa  are  used  for  erosion  control  in  th 
U.S.S.R. ;  and  the  same  species  plus  P.  avium 
P.  armeniaca,  P.  cerasifera,  P.  domestica,  am 
P.  pensylvanica  are  used  in  shelterbelts  (4,  59) 

Geographic  races  and   cultivars. — Very  fe\ 
racial  differences  affecting  seed  characteristic 
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have  been  recognized.  Differences  in  seed  size, 
germination  percentages,  and  other  character- 

istics have  been  recognized.  Differences  in  seed 
size,  germination  percentages,  and  other  char- 

acteristics within  a  species  reported  by  various 
investigators  are  likely  to  be  treatment  differ- 

ences or  simply  random  variations.  For  example, 
the  moisture  content  of  seeds,  which  is  seldom 

reported,  and  tree-to-tree  variation  can  have 
more  effect  than  place  of  origin  on  numbers  per 

pound  {32).  According  to  Hedrick  (40),  "Cher- 
ries of  any  variety  grown  on  poor  soils  or  in 

uncongenial  climates  tend  to  have  large  stones 
and  little  flesh,  while  the  pits  are  smaller  and 
there  is  more  flesh  with  the  opposite  extremes  in 

environment." 
There  often  are  great  differences  among  culti- 

vars  or  groups  within  each  of  the  domesticated 
fruit  species,  particularly  in  the  percentage  of 
viable  seed.  In  P.  avium  and  P.  cerasus,  the  late- 
ripening  cultivars  (cultivated  varieties),  re- 

quiring 80  days  from  flowering  to  fruit  ripening, 
develop  nearly  100-percent  sound  seed.  On  the 
other  hand,  early  cultivars,  requiring  60  days  or 
less  to  ripen,  develop  almost  no  sound  seed. 
Those  ripening  in  60  to  75  days  are  intermediate 
(109).  The  final  stage  of  fruit  development  is 
the  rapid  growth  of  the  pericarp,  and  in  early 
ripening  cultivars  of  these  species  and  P. 
persica,  this  stage  begins  before  the  embryo 
reaches  full  size  (110).  P.  domestica  also  shows 

wide  variation  in  gei-mination  capacity  among 
cultivars  tested  under  identical  conditions 
(101).  Immature  embryos  have  been  brought  to 
a  germinable  stage  by  growing  excised  embryos 

in  artificial  culture,  by  storing  whole  fruit  (4-'?), 
and  by  not  picking  until  the  fruit  is  overmature 
(119).  The  excised  embryo  method  is  difficult 
and  results  in  many  abnormal  seedlings  and  low 
survival  (38,  117,  119). 

Nonviability  of  apparently  normal  seeds  de- 
rived from  crossbreeding  cherries  or  plums  has 

been  a  problem  (H).  The  Duke  cherries — hy- 
brids of  P.  avium  and  P.  cerasus — often  have 

empty  seeds  (40). 

Flowering  and  fruit-ripening  dates  vary 
among  cultivars  of  a  species  grown  in  the  same 
location  (39,  iO,  .56).  Individuals  of  P.  serofina 
vary  in  a  similar  manner  (32,  91),  and  the  same 
variation  can  be  expected  in  other  wild  species. 
The  food  quality  of  fruit  varies  greatly  among 
wild  plants  of  P.  besseyi  and  the  plums.  Selec- 

tions of  15  species  of  plums  have  been  grown 
under  cultivation  for  their  fruit  (39,  iO). 

Prunvs  americana  seed  from  northern  Minne- 
sota germinates  much  better  at  a  temperature 

of  50°  F.  than  at  higher  temperatures,  whereas 
seed  from  Nebraska  germinated  as  well  and 

more  rapidly  at  70"  (night)  to  80°  (day)  (lU). 

In  P.  armeniaca,  the  variety  called  Russian 
apricot  is  hardier  than  the  typical  form  (Hi). 

Prunus  avium  cultivars  require  5  to  6  days 
longer  to  begin  germination  in  stratification 
than  wild  mazzard  (101). 

In  a  provenance  study  of  P.  serotina,  Cech  and 
Kitzmiller  (10)  found  that  the  pattern  of  vari- 

ation for  seed  traits  is  random  throughout  most 
of  its  range.  However,  seed  from  the  southern 
and  southwestern  parts  of  the  range  in  the 
United  States  were  characteristically  lighter  in 
weight,  smaller  in  diameter,  and  had  thinner 

endocarps  than  those  from  other  areas.  Geo- 
graphic locations  and  mother  trees  contributed 

approximately  equally  to  the  variability  in  total 
germination. 

Certain  strains  of  P.  persica,  P.  mahaleb,  and 
P.  cerasifera  are  preferred  for  use  as  rootstocks 
because  of  their  resistance  to  pests  or  for  other 
qualities  (H,  iO). 

Flowering  and  fruiting. — Prunus  flowers  are 
bisexual.  They  normally  have  5  white  or  pink 
petals  and  15  to  20  or  more  stamens.  The  flowers 
are  solitary,  in  umbellike  clusters  or  racemes, 
and  usually  appear  before  or  with  the  leaves. 
The  flowers  are  insect  pollinated.  Of  the  two 
ovules,  only  one  normally  develops,  resulting  in 
a  one-seeded  drupe.  The  drupe  is  thick  and 
fleshy  (color  plates),  except  in  the  almonds,  and 
has  a  bony  stone  or  pit  (figs.  1  and  2)  (7,  26, 
56,  5S.  Si).  Dates  of  flowering  and  fruiting  are 
listed  in  table  2.  Seeds  are  distributed  mainly  by 
birds  and  mammals  (32,  IH).  Fruit  diameters 

of  most  species  of  Prunus  are  between  i/-,  inch 
and  1  inch  (5  to  25  mm)  but  almonds,  apricots, 
and  peaches  are  larger  (table  3). 

Collection  of  fruits. — Prunus  fruits  should 
he  collected  when  fully  mature  (i,  102,  119). 
This  facilitates  cleaning  and  is  more  likely  to 

result  in  e-ood  germination  (32,  53).  This  is 
especiallv  important  in  certain  cultivars  where 
the  seed  is  in  a  critical  stage  at  the  time  the  fruit 
is  ripe,  and  it  may  not  develop  to  a  sound  con- 

dition if  it  is  picked  prematurely  (109).  Height, 
seed-bearing  age,  seed  crop  frequency,  and  fruit 
descriptions  of  the  24  species  are  listed  in  table 
3.  Color  and  condition  of  the  fruits  indicate 
maturity.  For  those  species  in  which  the  ripe 
fruit  color  is  nearlv  black,  the  preripe  color  is 
red.  In  red-fruited  species,  the  preripe  color 
may  be  yellowish  or  partly  green  and  red  (32). 
Almonds  are  ready  to  harvest  when  the  husks 
(mesocarps)  of  the  fruit  in  the  inner  parts  of 
the  tree  crown  have  split  (56). 

Fruit  is  collected  by  hand-stripping,  or  by 
spreading  sheets  of  suitable  material  under  trees 
to  catch  the  natural  fall  or  to  catch  fruit  shaken 
or  beaten  oflf  (6,  53,  97,  106).  Small  quantities 
can  be  picked  from  the  ground   (52).  Prunus 
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P.  americana 
American  plum 

P.  angustifolia 
Chicksaw  plum 

P.  armeniaca 

apricot 

P.  persica 

peach 

Figure  1. — Prunus:  stones,  2  x. 

serotina  fruits  may  be  collected  from  trees 
felled  in  logging ;  but  when  fruits  have  reached 
the  dead  ripe  stage,  a  high  proportion  of  them 
will  be  knocked  off  in  felling  (53).  Mechanical 
tree  shakers  are  used  in  many  commercial  fruit 
orchards  (56,  68).  There  is  even  a  machine  to 
pick  prunes  (certain  cultivars  of  P.  domestica) 
from  the  ground  {68). 

Fruit  may  be  carried  in  bags  in  small  quan- 
tities or  in  large  quantities  if  it  is  to  be  proc- 
essed immediately  {52),  but  boxes  or  baskets 

provide  better  protection  against  bruising  and 
spoilage  (^).  Commercial  cherries  are  often 
transported  in  water  {107).  While  this  method 
is  designed  to  protect  fruit,  it  could  be  used  to 
prevent  spoilage  and  fermentation  until  the 
seeds  are  cleaned. 

Extraction  of  seeds. — Although  satisfactor: 
results  have  been  obtained  in  a  few  cases  b; 
handling  and  sowing  whole  fruits  {2Jt,  53),  it  i 
generally  desirable  to  clean  the  seeds  of  all  pul 
and  juice  {Jt2,  53,  66,  7^,  85,  9^).  Cleaning  i 
done  by  macerators  or  hammer  mills  with  wate 
to  float  off  or  screen  out  the  pulp  {20,  21,  31 
53,  95,  97, 106).  Hammer  mills  should  have  wor 
or  rounded  hammers  and  be  run  at  low  spee 
{72).  Small  quantities  may  be  cleaned  by  soal 
ing  and  rubbing  over  a  screen  {37 ,  55,  77) 
by  use  of  a  household  food  mill  {53). 

Fermentation  has  been  used  to  soften  fruit  1 
facilitate  cleaning  {2Jf,  88,  106),  but  it  is  risk 
since  the  germination  capacity  of  seed  may  I 
severely  reduced  if  seed  is  allowed  to  becom 
too  warm  or  ferment  too  long  (i^,  2Jf,  27,  ̂ 6 
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p.  avium 
mazzard 

P.  besseyi 
Bessey  cherry 

P.  cerasus 
sour  cherry 

P.  emarqinata 
bitter  cnerry 

P.  mahaleb 
mahaleb  cherry 

P.  subcordata 
Klamath  plum 

)I1I 

PRUNUS 

P.  padus 
European  bird  cherry 

P.  pensylvanica 
pin  cherry 

P.  pumila sand  cherry 

P.  serotina 
black  cherry 

P.  virginiana 
common  chokecherry 

P.  umbel  lata 
flatwoods  plum 

FuiUKE  1. — I'raiius:  stones,  2  X — Continued. 

'i\ 
There  is  little  need  to  separate  sound  seeds  in 

most  species  since  the  percentage  of  sound  seed 
is  usually  96  to  100  percent,  but  it  may  be  de- 

sirable in  certain  cultivars  of  commercial  fruits. 

Separation  of  sound  seed  of  P.  cerasus  has  been 
done  with  95  percent  ethyl  alcohol,  density 
0.8114  (109).  A  17  percent  salt  solution  (density 
1.176)  has  been  used  to  separate  heavy  seeds  of 
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P.  avium,  P.  mahaleh,  and  P.  pensylvanica,  but 
it  was  not  always  reliable  (19).  Seeds  that  float 
in  water  can  be  removed  in  the  cleaning  process, 
but  some  seeds  that  sink  are  not  viable  {102, 
109).  The  same  methods  should  not  be  used  with 
dried  seeds  since  included  air  spaces  can  cause 
good  seed  to  float. 

Seed  yields  and  weights  are  listed  in  table  4. 
Seeds  known  to  be  commercially  available  are 
also  indicated ;  others  may  or  may  not  be  avail- 

able. Additional  data  include  the  following 
weights  per  bushel  of  fruit:  P.  cerasus  nested 
in  water,  60  pounds  (107) ;  P.  serotina,  55 
pounds  (97)  ;  and  P.  tomentosa,  56  to  60  pounds 
(51).  A  bushel  of  P.  serotina  fruit  yields  11 
pounds  of  seed  (97). 

Storage. — There  is  general  agreement  that 
excessive  drying  is  detrimental  (6,  IJf,  2U,  27, 
53,  75,  97).  What  is  excessive  is  not  usually  de- 

fined. Prunus  armeniaca  can  be  dried  to  6  per- 
cent moisture  (wet  basis).  P.  avium  to  9-11 

percent,  and  P.  mahaleh  to  8  percent  for  storage 
without  impairing  their  germination  capacity 
(100).  On  a  dry  weight  basis,  these  percentages 
would  be  somewhat  higher.  Seed  to  be  sown  or 
stratified  immediately  need  not  be  dried  at  all. 
Seed  to  be  used  within  a  few  weeks  or  months 
should  only  be  surface-dried.  Apparently  it  is 
excessive  drying  of  seed  to  be  used  within  a 
year  of  collection  that  is  most  often  harmful 
(32,  53).  For  storage  of  one  year  or  more,  it  is 
desirable  to  reduce  the  moisture  content  of  seed 

Table  2. — Prunus:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering: 

dates 

Fruit  ripening 

dates 
Seed  dispersal 

dates 

Data 

source 

P.  alleghaniensis..  scattered   
P.  americana     
P.  amygdalus    California   
P.  angustifolia     
P.  armeniaca     California   

U.S.S.R     
P.  avium    northeastern  United  States 
P.  besseyi     Nebraska   
P.  cerasifera    Geneva,  N.Y   

U.S.S.R   
P.  cerasus                   

Geneva,  N.Y   
P.  domesfica        ,    Geneva,  N.Y.         .    .    . 

U.S.S.R   
P.  emarginata          
P.  ilicifolia    .    _      _  _ 
P.  insititia    United  States  and  Canada 

Geneva,  N.Y. 
P.  mahaleb      _  _  Northeastern  United  States 

and  southeastern  Canada. 
P.  munsoniana  -    ,     

Geneva,  N.Y   
P.  padus,      Philadelphia,  Pennsylvania 

and  vicinity. 

late  Apr.-May Mar.-May 

mid  Feb.-March 
Mar. -Apr.  __. 
Feb.-Mar.  _ 
Mar.-Apr. 
Apr.-May 
Apr.-May 

May  12 " 

Apr.-May 
Apr.-May 

May  8-18=   
May  12-21=   May-      
Apr. -June   Mar.-May   
late  Apr.-May  _ 

May  16-21  =   Apr.-May   

Aug.-Sept.-     
June-Oct    June-Oct   

late  Aug.-Oct.'   
May-July.   ..._  May-July... . 
May-June     
July         July-Aug.\ 
June-July   
July-Sept    July-Sept.  - 
July  15-Aug.  10   
Aug   
June-July   
June-July   

July  15-Oct.l   
Aug         
Julv-Sept.    Aug.-Sept.\ 

Sept.-Oct.'    Oct.-Dec. 
Aug.-Sept      
Aug.  20-Oct.  1   
July   

P.  pensylvanica^ 
U.S.S.R. 

Warren  Co.  Pa. 

P.  persica           northeastern  United  States 
southeastern  United  States 

P.piimila                              
P.  serotina    northern  Pennsylvania   

P.  spinosa,   
P.  subcordata 
P.  tomentosa 

P.  virginiana.. 

U.S.S.R. 

Cheyenne,  Wyoming 
Bismarck,  N.D.        
eastern  United  States 

Warren  Co.  Pa. 
California    .. 

Mar.-May. 

May  20-24  \ 
end  Apr. -early May. 

May-early  June 
late  Mar.-early July. 

May  1-15 
Mar.-May 

Mar.-Apr. 
May-July 

late  May-early 
June, 

late  Apr. -June  10 
Apr.-May           Mar.-May 

early  May 

May  10-15 late  Apr.-early 
June. 

May  10-20      . 

July-Sept.' July  15-Sept.  10 
late  June-July  ... 

June-Aug. 

July-Sept. 

Aug.\ 

late  July-early Aug. 

July-Oct   
June-July   

July-Sept.  ....  . 
late  Aug.-Sept.      Aug.  20-Sept., 

rarely-Nov. 
July  1-Sept. . 
Sept   

June-Sept. 

Aug.-Sept.  . 
Aug.-Sept.V. 
late  July    early  Aug.   
July  10-15    July  15-Sept.  1 
July-Oct       

early  Aug.... 
Aug.-Sept.\ 

26 

lU 

56,  73,  76 

m,  115, 106 73 
59 
26,40 

114 

39 
59 

26,115 

40 

39 
59 

50,  70,  99 

65,  70, 115 
79,84 

39 

26 

115 

39 

63 59 
26 

32 
26 
83 
26 

32 5,26 59 

69, 115 51 

64 

26,  79 

32 

69 *  Collecting  dates. 
'  Average  dates  of  height  of  bloom  for  one  to  several  cultivars. 
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below  the  surface-dry  condition.  In  most  cases, 
drying  is  done  at  room  temperatures  or  lower. 
Surface  drying  usually  requires  only  a  few 
hours  (53).  The  moisture  content  of  Prumis 
serotina  seed  has  been  reduced  from  about  14 

percent  to  5  percent  by  drying  at  90"  F.  for  3 
hours  {52). 

Sealed  containers  are  preferred  if  the  moiture 
content  is  to  be  closely  controlled.  Stones  of 
P.  avium  were  dried  to  a  moisture  content  of 
11  percent  of  their  fresh  weight  and  stored  in 

sealed  bottles  at  34°  F.  for  41/2  years.  During 
this  period,  viability  was  reduced  from  93  per- 

cent to  84  percent  (101a).  Plastic  bags  have 
been  satisfactory  for  storage  of  P.  serotina  for 
at  least  3  years  at  cold  temperatures  (52). 
Cloth  sacks  may  serve  for  short  periods  in  cool 
temperatures   (101). 

Normally,  storage  temperatures  should  be 

within  the  range  33'-41°  F.,  although  P.  amer- 

icana,  P.  avium,  and  P.  mahaleb  have  been 
successfully  stored  at  room  temperatures  for  2 
to  5  years.  Over  80  percent  germination  was 
obtained  on  P.  serotina  seeds  containing  5 
percent  moisture  after  storage  for  3  years  in  a 
freezer,  but  seed  with  about  15  percent  moisture 
was  completely  spoiled  when  frozen    (52). 
Warm  storage  at  a  high  moisture  content 

for  only  a  few  months  is  harmful  to  P.  avium 
(15,  101),  P.  serotina  (53),  P.  virginiana  (2If) 
and  probably  other  species  as  well.  P.  serotina 
should  not  be  stored  warm  and  moist  more  than 
4  or  5  weeks,  although  about  2  weeks  of  such 
storage  immediately  after  cleaning  may  be 
helpful  for  seed  about  to  be  stratified   (52). 

Pregermination  treatments  and  germination 
tests. — P)-i(niis  seeds  have  embryo  dormancy 
and  require  a  period  of  after-ripening  in  the 
presence  of  moisture  and  oxygen  to  overcome 
it.  Because  of  the  .stony  endocarp,  Prunus  has 

Table  3. — Priinus:   height,  seed-bearing  age,  seed  crop  frequency,  fruit  color,  and  fruit  size 

Species 
Height 

at  ma- turity 

Year 

of first 

culti- vation 

Seed-bearing       Interval  between 
age  large  seed  crops 

Fruit  size 

Mini-      Data    rp-  Data 
mum      source     ̂   source 

Ripe  fruit  color       j^. 

ameter   len
gth 

Data 
source 

Feet 

alleghaniensis  16 
aynericana.-      10-30 
amygdalus. 
angiistifolia 

P.  armeniaca. 

P.  afiMw  _ 

10-30 
14-25 

34 

besseyi  1-4 
cerasifera        27 
cerasus     33-49 
domestica  30-40 

emarginata  3-50 
ilicifolia  25-30 

insititia     ̂   20-25 

mahaleb     .  20-33 
munsoniana         20-30 

padus           50 

pensylvanica        10-40 
persica  10-25 
pumila         1-8 
serotina      50-110 
spinosa           13 
subcordata    10-25 

tomentosa       6-10 
virginiana        6-30 

1889 
1768 early 

about 
1874 early 

30-100       early 

1892 early 
early 
early 

1918 
before 

1925 
early 

early 

before 
1909 
early 

1773 early 

1756 
1629 early 

about 
1850 
1870 
1724 

Years  Years 
1  lU 
1-2  in,30 

4,6-7  56        1  IH 

-6-7        116        1 

2-3 

^6-7 

115 

116 

25 

2-3 
1 

2 

^4-8 

32 
116 

52 

1-2 

2 

1-2 

1-5 
1-2 
9 

59 

¥-> 

59,  84 

40 59 

59 
114 

32,  33,  91 
59 

115 

2-3  51 , 64        1-2        51 ,  64 

Mm  Mm. 
dark  purple  10 
red  or  yellowish    20-30 
brownish  30-60 

red  or  yellow  10-20 

30  + 

yellowish  with 
red. 

yellow  to  red  or     20-25 

purplish 
black, 

purple  to  black  15 
red    16-25 
lierhtto  dark  red     8-25 

often  blue- 
purple, 

bright  red  8-12 
purple  or  black      13-17 

yellow  to  bluish 
black, 

black 

red  or  yellow 

6-10 

15-25 

black  in  typical variety, 

light  red 
yellow  to  red 

purple-black black           

blue-black 
red  or  yellow 

6-8 

5-7 30-60 
10 

7-10 

10-15 
15-30 

'  Minimum  commercial  seed-bearing  age. 
'  Ages  are  for  seedling  stock.  Grafted  or  budded  stocks  bear  seeds 

red         10-31 
red-purple  to  8 

dark  purple. 

1  or  2  years  younger  (116). 

26,84 

84 

84,114 73,84 

84 

26,  40 

8i 
84 

40,  98 

7 

78,  99 7 

15-20       26,39,84 

26,  79,  84 39,84 

84 

26 26,84 

84 

26 

84 

84 

40,  84 
26,84 
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often  been  thought  to  have  seedcoat  dormancy. 
The  endocarp  may  offer  some  resistance  to 
germination,  but  it  is  permeable  to  water  and 
Primus  is  not  truly  hard-seeded  (35,  JtU,  108). 

Several  mechanical  and  chemical  methods 
have  been  used  in  attempts  to  crack,  remove,  or 
soften  the  endocarp,  including  freezing,  me- 

chanical scarification,  boiling  water,  sulphuric 
acid,  citric  acid,  lye,  and  hydrogen  peroxide. 
In  most  cases  no  advantage  could  be  shown,  and 
in  many  cases  the  treatments  were  detrimental. 

Removal  of  the  endocarp  by  hand  hastened 
or  increased  germination  in  P.  americana  (30), 
P.  amygdalus  {29),  P.  avium  (119),  P.  cerasus 
(38),  P.  persica  (18,  16).  and  P.  spinosa  (9A). 
There  was  no  advantage  for  P.  insititia  (32). 
A  48-hour  soak  in  0.1-percent  citric  acid  re- 

sulted in  89  percent  germination  of  P.  serotina 
in  a  case  where  untreated  seed  germinated  57 

percent  (55).  In  other  studies,  no  advantage 
could  be  shown  for  citric  acid  treatments  (53). 
Notching  the  stone  and  notching  plus  a  hydro- 

gen peroxide  soak  increased  germination  of  an 
early-ripening  P.  avium  cultivar  but  had  no 
effect  on  a  late-ripening  cultivar  (119).  Gib- 
berellin  treatments  apparently  can  substitute 
for  a  portion  of  the  stratification  period  in  P. 
armeniaca  (12),  P.  avium  (28,  80),  and  P.  per- 
sica  (12),  but  it  was  effective  only  when  the 
endocarp  had  been  removed.  Germination  of  P. 
mahaleh  seed  that  had  been  stored  dry  several 
months  was  improved  by  a  3-day  water  soak 
prior  to  stratification  (102). 

Since  good  germination  has  been  attained  on 
stratified  seed  of  nearly  all  species  of  Prumis 
(table  5),  it  is  evident  that  other  pregermina- 
tion  treatments  are  not  necessary  if  the  seed 
is  properly  handled. 

Table  4. — Pnuius:  cleaned  seeds  per  pound  a^id  weight  of  seeds  per  100  pounds  of  fruit 

Weight  of  seed  per 

Species  100  pounds  of  fruit 
Range  Average 

Pounds  Pounds 

P.  alleghaniensis   
P.  americana^         7-34  19 

P.  amygdalus..         
P.  angustifolia       8-30  16 

P.  armeniaca,  TJS A  ̂   30-40 
P.  armeniaca,  USSR          10-15 
P.  avium,  USA'       7-25  12 

P.  avium,  USSR              15-18 
P.  besseyi\        _._  15-28  21 

P.  cerasifera^      10 
P.  cerasus            .  20 
P.  domesfica   .„.         ....  10 
P.  emarginata  .                .  .  25 
P.  ilicifoUa       
P.  insititia    ..         _.  7 
P. mahaleh    20-25 
P.  munsoniana      
P.padus\               20 
P.  pensylvanica       16-27 
P.  persica'    20 
P.  pumila.  typical           .. 

var.  susquehanae    

P.  serotina,^  fresh  seed       .  .         ...  20 
P.  serotina,  fresh  and 

stored  seed                   14-33  23 

P.  spinosa    10 
P.  subcordata    

P.  fomentosa^          7-12  10 

P.  virginiana  '       18-25  20 

Cleaned  seeds  per  pound 
Range Average 

Samples 

Data 

sources 

Number 

550-  1,500 

126- 
770- 

225 

1,530 
200-      560 
270-      495 

1,450-  3,000 

1,640-  2,770 
1,500-  4,000 

782- 
1,510- 

416- 4,120- 

200- 

625- 4,800- 

900- 6,600- 8,000- 

72- 

2,460- 
3,780- 
2,800- 

1,330 
4,000 907 

8,790 240 

1,920 

5,600 2,240 12,300 
21,800 

244 

4,000 
5,970 
6,040 

2,840-13,800 

1,970-  2,670 
450-      631 

1.730-  6,400 

3,010-  8,400 

Number 

2,950 870 

181 

1,030 

317 

382 
2,360 

2,150 
2,400 

994 
2,910 

597 

7,020 220 

1,380 

5,200 
1,690 

8,910 14,200 
156 

2,920 

4,750 
4,240 

5,370 

2,240 
556 

4,740 
4,790 

Number 

1 

274- 

3-f 14  + 

10  + 9  + 

10  + 

7  + 

6  + 
5  + 
6  + 
2  + 
3  + 3  + 

5  + 
6  + 
6  + 
4  + 

3 
68 

197 
4  + 
9  + 

19 

nu 

6,2^,71,86,95, 
103,  lU,  115, 

118 
112,  Hi 

2i,  103, 106,  Hi 115 

2J,, 112, Hi, 118 
59 
19,32,103,112, 

Hi, 118 

8,59 
103,105,112, 

Hi, 115,  118 59, 103, 112,  m 
32,  59,  112 

59,112 
31,57,  62,103 

70,115 103,112 

19,59,112 
103,112 
59,  Hi 

59,103,115 
i7,  69, 113,  Hi 
103,  Hi,  115 

Hi 

32,52 
10,  13,20,32, 

i9,  52,  95,  97 
103,118 

59 
25.  69 
9,i7,  51,  6i, 

103,118 
2i, 32, 61, 69, 1 

103, 115, IL 

^  Seed  commercially  available. 
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endocarp 

seed  coat 

cotyledons 

-epicotyl 

hypocotyl 

radicle 

Figure  2. — Prunus  persica,  peach :  longitudinal  section 
through  a  stone  showing  the  embryo  and  no  endo- 

sperm, 2  X.  Seven  species  of  Primus  are  known  to 
have  seeds  with  no  endosperm  and  twenty  species  are 
known  to  be  endosperaious. 

Sand  has  often  been  used  as  a  stratification 

medium  but  peat  or  sand-peat  mixtures  are 
preferred  {17,  28,  53,  9Jt).  Vermiculite  was  as 
good  as  peat  in  one  test  with  P.  serotina  (52). 
Peat  provides  a  larger  and  more  constant  sup- 

ply of  both  air  and  water  than  sand  (17,  9 If). 
The  seeds  are  thoroughly  mixed  with  the  moist 
stratification  medium.  When  peat  is  used,  it 
should  be  soaked,  then  squeezed  to  remove  all 
free  water.  The  seeds  should  be  mixed  with 
about  1  to  3  times  their  volume  of  the  medium 
{17,  52,  lU).  Seeds  that  had  been  dried  for 
storage  or  those  requiring  a  long  period  of 
after-ripening  are  sometimes  stratified  under- 

ground, in  basements,  or  in  shade  prior  to  cold 
stratification  or  fall  sowing   {59,  9U). 

Published  results  of  experimental  compar- 
isons among  various  stratification  temperatures 

for  several  species  show  constant  temperatures 

from  36°  to  41"  F.  to  be  more  favorable  than 
those  below  35°  or  above  46°  {15,  18,  37).  A 
regularly  alternating  temperature  range  of  36° 
to  40°  was  better  than  constant  38°  for  two 
cultivars  of  P.  avinm  {119). 

_  Stratification  periods  necessary  for  after- 
ripening  vary  by  species  (table  5).  In  general, 
species  from  warm  climates  requii-e  less  chill- 

ing than  those  from  cold  climates.  Satisfactory 
germination  of  the  many  cultivated  species  not 
included  here  can  probably  be  attained  by  fol- 

lowing general  recommendations  and  the  strat- 
ification requirements  for  closely  related  species 

of  the  same  climatic  zones. 

In  a  comprehensive  study  on  stones  of  7 
widely  planted  species  of  Prunus  including 
several  cultivars  and  seed  sources,  germination 
was  much  higher  following  warm  plus  cold 
stratification  than  cold  stratification  only.  The 

schedule  was  a  14-day  period  at  68°  F.  followed 
by  189  days  at  37°  {101).  Seeds  (stones) 
usually  are  held  in  cold  stratification  until  in- 

cipient germination  occurs  {30,  53, 101).  Visible 
signs  of  incipient  germination  are  split  endo- 
carps  (cracked  seeds)  or  emerging  radicles. 
When  the  cold  period  was  interrupted  with 
warmer  temperatures  before  these  stages  were 
reached,  secondary  dormancy  was  induced  {52, 101). 

In  one  test  {101),  stones  of  P.  avium,  were 

stratified  for  154  days  at  37°  F.  and  then  sep- 
arated into  three  fractions:  intact  stones, 

cracked  stones,  and  those  with  emerging  rad- 
icles. A  sample  of  each  fraction  was  sown  sep- 

arately at  a  depth  of  %  inch  (1  cm.)  and  sub- 
jected to  a  temperature  of  68°  F.  Epicotyls 

emerged  from  only  8  percent  of  the  intact 
stones,  but  from  90  percent  of  the  cracked 
stones  and  from  95  percent  of  those  with  emerg- 

ing radicles.  The  optimum  temperature  for 
epicotyl  emergence  from  cracked  stones  of  P. 

padus,  however,  was  between  41°  and  50°  F. 
{101).  Seedlings  have  developed  from  up  to 
100  percent  of  cracked  stones  of  P.  serotina 
after  sowing  (20,  52). 

Maximum  germination,  as  judged  by  the 
presence  of  radicles  at  least  3  mm  long,  was 

obtained  at  37°  or  41°  F.  on  stones  of  P.  armen- 
iaca,  P.  avium,  P.  cerasifera,  P.  domestica,  P. 
mahaleb,  P.  padus,  and  P.  serotina  {101).  For 
many  other  species  in  table  5,  temperatures 
somewhat  hitrher  than  41°  F.  were  used  for 
germination.  Information  is  not  available,  how- 

ever, on  the  proportion  of  seeds  that  had 
started  to  germinate  during  the  cold  stratifi- 

cation period  before  the  temperature  was  raised. 

The  diurnally  alternating  temperatures  of  86° 
and  68°  F.  specified  for  Prioius  in  the  Inter- 

national Rules  for  Seed  Testing  (.5^)  appar- 
ently are  much  too  high. 

Germination  tests  have  been  made  on  excised 
embryos  of  P.  americana,  P.  amygdalus,  P. 
armeniaca,  P.  persica,  P.  spinosa,  and  of  both 
wild  and  cultivated  cherries  {12,  hS,  .94,  111). 
A  tetrazolium  staining  test  {5h)  also  has  been 
used  as  an  indicator  of  seed  viability,  but  re- 

sults have  not  been  consistent  with  results  of 
germination  tests  {k3). 

Germination  is  hypogeal  in  many  species  as 
in  P.  americana  (fig.  3),  but  epigeal  in  P. 
inrginiana  (fig.  4). 

Nursery  practice. — Untreated  Prunus  seeds 
may  be  sown  in  the  fall  or  stratified  seed  may 
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Table  5. — Primus:  stratification  periods,  germination  test  conditions,  and  results 

Recommended  tett'c'SJa^dklons  Germinative 
„       .                         stratification                   test  conditions    capacity  Data 
Species           Temperature            sources 

Warm             Cold  Dav         Night  ̂ "^a- 

period  >         period  =  (ghrs.)    (16hrs.)  tion  Average  Samples   

Days             Days  "F.            °F.  Days  Percent  Number 
P.  alleghaniensis         0                       150  50               50  60  25  7            87,  Hi 
P.americana         0                 90-150  50               50  60  60  21            1,30,87,114- 

P.amygdalus         Q                         65  36               36  (')  90  -.           56,82 
P.angustifolia   ..._       0                 60-120  .-               -^  60  55  --           2,24,103 
P.  armeniaca: 

endocarp  removed        0                          0  45              45  14  90  3           12 

endocarp  intact           14                       189  37               37  {')  95  4           101 
endocarp  intact             0                 80-90  41               41  (')  95  --           59 

'endocarp  removed        0                 90-125  70+           70+  ..-  91  ...^           28,36,37 endocarp  intact             0               120-180  70+           70+  .--  76  10+        4,27,59,103 
endocarp  intact           14                       189  37               37  (')  88  -.            100,101 

P.besseyi         0                       120  ..,               -  60  72  -.            103,118 
P.  cerasifera  var. 

divaricata       14                       189  37               37  (')  58  3           101 
P.cerasus..            0                 90-150  -  --  82  -            11,38,59,81,94 

P.domestica       14                       189  37               37  (')  56  15            101 
0               120-150  .                -  -.  85  .  -           59,112 

P.  domestica, 
Clyman         0                        90  36              36  ..  91  .              48 

P.emarginata^^^         0                 90-126  75               75  60  4  3+        31,70 
P.  ilicifolia: 

fresh  seed  _           0                           0  -                  ...  -.  -.  --           23, 25, 70 
stored  seed           0                         90  ....               ..,  ....  24  --            70 

P.insititia                         0                 84-112  64               64  ...-  89  7            16 
P.mahaleb...                    0                 80-100  .                 .-  -  89  5            15,37,112 

14                       189  37               37  (')  55  3            101 
P.munso7iiana                   0                  80-100  ....                ....  ....  100  10  seeds            108,112 
P.  padiis : 

fresh  seed                0               100-120  85  59 
stored  seed               14                       210  37               37  (')  50  1            101 

P.  pensyhmnica              60                         90  77               50  60  62  2            114 
P.  persica  : 

endocarp  intact             0                  98-105  Ml              Ml  (')  32  8            16,18 
endocarp  removed         0                 70-105  Ml             Ml  C)  82  8            16,18,36,111 

P.  pumila-  var. 
stisquehanae                60                       120  77               50  40  67  3            87,114 

P.serofiva                          0                        120  78                50  40-60  86  32            20,32,41,52,53,61 

14                       189  37               37  (')  90  3            101 
P.spinosa             0                        170  90  59 
P.subcordata                     0                          90  ...  100  1  69 

P.tome-ntosa                      0                  60-90  .                  .  C)  9,17,51,60,108 
P.virginiana     .                 0                120-160  77                50  40  77  3            24,61,103,114 

'  Seeds  were  in  a  moist  medium  at  a  constant  temperature  of  68°  F.  or  at  a  temperature  alternating  diurnally 
from  86°  F.  (8  hours)  to  68°  F.  (16  hours). 

-  Seeds  were  in  a  moist  medium  at  a  temperature  between  33°  F.  and  41°  F.;  37°  to  41°  F.  was  better  (101). 
'  Germination  occurred  during  the  stratification  period. 
*  Results  were  similar  at  50°  F. 
'^  Adequate  germination  was  reported  at  unspecified  temperatures. 

be  sown  in  spring.  Some  species  that  require 
long  periods  for  after-ripening  are  stratified 
warm  and  cool  even  before  fall  sowing,  or  they 
may  be  planted  as  soon  as  collected  (4,  59,  71). 
In  fall  sowing,  it  is  important  to  sow  early 
enough  to  allow  seeds  to  after-ripen  before 
the  ground  freezes  (102).  Seeds  should  be  sown 
in  early  September,  or  by  mid-October  at  the 
latest,  in  the  northern  states  (4i,  -45,  52,  6J^). 
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Mulching  and  deeper  sowing  help  overcome  the 
effects  of  late  sowing  and  dry  climates. 

Stratified  seed  should  be  sown  as  early  in 
spring  as  possible  since  high  temperatures  and 
drying  can  reduce  germination  {36,  52,  59, 
101).  It  is  best  if  a  high  proportion  of  the  seed 
has  cracked  stones  but  the  seeds  have  not  yet 
begun  radicle  elongation  (59,  100,  101).  Long 
radicles    are    easily    broken    in    handling   and 
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Figure  3. — Prunus  americana,  American  plum:  seedling 
development  at  1,  3,  5,  and  9  days  after  hypogeal 
germination. 

Figure  4. — Prunus  virginiana,  common  chokecherry: 
seedling  development  at  1,  3,  7,  and  11  days  after 

eplgeal  germination. 

Table   6. — Primus:   nursery  practice 

Data 

sources 

Pre-sowing  strati-  Seed 

fication  periods^            sown  ^      ■                  rr.                Out- 

'"''"     S;f„t   '^^      --  '^""     '■"^"'  "-" 
sowing       so,ying.  fo^t 

Days           Days              Number  Inches                                 Years 

P.  americana       0-90                 120                     4  =  1-2               33-50                 1 
P.  august i folia                0                                   15-20  1                     33                 1 
P.armeniaca             0                   90                     9  2                     50                 1 

P.  avium        '60                 120                   13  1-2                     ....         1  or  2 
P.  besseyi      0       120       6-7  ....         77 
P.  cerasifera      '0                 10  2        '64       1 
P.cerasus..    ..   "90        90        21  ...         ...    1  or  2 
P.  domestica              0                    .  .                     13  2                       ..          1  or  2 

P.  mahaleb        0-60                   60  1-2                   *  75 
P.padus         '60                 120                   50  ■■  ¥2-1                     .            1  or  2 
P.persica            0                   85                0.75  2 

P.  serotina             0                  120              10-20  "  1/2-2                  7-83                  1 
P.spinosa            '0                  170              17-28  1-2              '70-75          1  or  2 
P.  tomentosa             0                   60             15-30  =1                     72                 1 
P.  virginiana                   0         120-180                    25  Vz                  3-34          1  or  2 

'  Stratify  in  a  moist  medium  at  a  temperature  between  37°  and  41°  F. 
^  Add  a  4-  to  6-inch  soil  ridge  to  the  nursery  bed. 
'  Or  stratify  from  time  of  collection  to  time  of  sowing  when  fresh  seed  is  used. 
'  Germination  percent  (not  tree  percent). 
'  On  fall-sown  beds,  add  3  inches  of  straw  or  moss  for  a  mulch. 

6,  2h,  71 

2  J,,  106 
2Jt,59 

k,  8,  59 
103,118 59,  7Jt 

U,59,9U 

h,59 

3,  59,  9U 

k,59 

J,5,92,10i 

J,l,Jt6,  52,  53,  89,  90,  97,  Hi 
Jt,59,93,9Jt 
60,  96,118 
24,88,89,  90,103,1U 

669 



PRUNUS 

sowing.  For  this  reason,  seeds  should  be  checked 
toward  the  end  of  the  stratification  period  for 
emerging  radicles  {52,  53).  Transparent  con- 

tainers are  ideal  for  this  purpose.  If  radicle 
elongation  starts  when  it  is  too  early  to  sow, 
the  temperature  should  be  reduced  to  near- 
freezing  (2). 

Normal  precautions  may  be  taken  against 
fungi  during  stratification  and  sowing,  but 
they  do  not  appear  necessary  if  seed  is  properly 
cleaned  and  handled.  Rodents  must  be  kept  out 
of  the  nursery,  however  (32,  52). 

Prunus  seedlings  reach  suitable  planting  size 
in  1  or  2  years.  Low  seedbed  densities  help  as- 

sure adequate  size  the  first  year  and  reduce 
the  proportion  of  culls  {71,  97).  Nursery  prac- 

tices that  have  been  successful  are  shown  in 
table  6. 
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PSEUDOTSUGA 

Pinaceae — Pine  family 

PSEUDOTSUGA  Garr.  Douglas-fir 

by  Peyton  W.  Owston  ^  and  William  I.  Stein  ̂  

Growth  habit,  occurrence,  and  uses. — Of  the 
six  species  of  Pse^idotsiiga,  two  are  native  to 
North  America  and  four  are  found  in  Asia  (30). 
P.  menziesii,  the  major  commercial  species  in 
North  America,  includes  two  geographic  va- 

rieties (table  1).  Coast  Douglas-fir  (var.  mew- 
ziesii)  is  fast  growing,  long-lived,  and  sometimes 
becomes  over  300  feet  tall  and  attains  a  diam- 

eter of  8  to  10  feet.  Rocky  Mountain  Douglas-fir 
(var.  glauca)  is  slower  growing,  shorter  lived, 
and  seldom  exceeds  130  feet  in  height.  Inter- 

mediate forms  occur  where  their  ranges  over- 
lap, and  clinal  variation  in  some  of  their 

characteristics  has  been  observed  {82).  The 
wood  has  exceptional  strength  and  is  widely 
used  for  heavy  structural  timber  (109).  Other 
major  uses  include  general  construction  lumber, 

Pacific  Northwest  Forest  and  Range  Exp.  Stn. 

poles,  plywood,  and  pulp.  The  species  is  planted 
in  many  parts  of  the  world  for  production  of 
timber,  ornamentals,  and  Christmas  trees.  More 
than  a  dozen  ornamental  cultivars  have  been 
propagated  (30).  P.  macrocarpa  attains  heights 
of  60  to  90  feet  and  diameters  of  3  to  4  feet  but 
is  rarely  planted. 

Geographic  variation. — In  both  varieties  of 
P.  menziesii,  characteristics  such  as  growth 
rate,  cold  hardiness,  and  resistance  to  insects 
and  disease  vary  greatly  over  their  respective 
ranges  (53).  Thus,  even  within  its  native  range, 
it  is  risky  to  plant  Douglas-fir  seedlings  too  far 
in  distance  or  elevation  from  the  place  of  seed 
origin  (42,  53).  To  facilitate  matching  of  seed 
source  with  planting  site,  seed  collection  zones 
for  coast  Douglas-fir  have  been  defined  and 
mapped  by  the  Western  Forest  Tree  Seed 
Council  (107). 

Table  1. — Pseudotsuga:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms Common  names Occurrence 

Uses^ 

Data  compilers 

P.  macrocarpa  (Vasey)  Mayr 
P.  douglasii  var. 

macrocarpa  (Vasey) 
Engelm. 

P.  californica  Flous. 
P.  tuenziesii  var.  glauca 

(Beissn.)  Franco. 
P.  douglasii  var.  glauca 

Mayr. 
P.  taxifolia  var.  glauca 

(Beissn.)  Sudw. 
P.  menziesii  var.  caesia 

(Schwerin)  Franco. 

P.  tuenziesii  var.  menziesii 
(Mirb.)  Franco. 

P.  douglasii  (Lindl.)  Carr. 
P.  taxifolia  (Lamb.) 

Britton. 
P.  mucronata  (Raf.)  Sudw. 
P.  menziesii  var.  viridis 

(Schwerin)  Franco. 

bigcone  Douglas-fir, 
bigcone-spruce, 
desert-fir. 

Rocky  Mountain 
Douglas-fir, 
blue  Douglas-fir, 
Colorado  Douglas- fir,  grey 

Douglas-fir. 

coast  Douglas-fir. 
Douglas-fir, 
Oregon 
Douglas-fir, 
green  Douglas- 
fir,  Douglas- 
spruce. 

Southern  California ;  eleva- 
tions from  900  to  8,000 feet. 

Central  British  Columbia 
and  southwestern  Alberta, 
south  in  mountains  to 
northern  and  central 
Mexico,  west  to  eastern 
Washington,  Oregon,  and 
Nevada, east  to  central 
Colorado  and  New  Mexico; 
elevations  from  1,900  to 
11,000  feet. 

Southwestern  British 
Columbia  through  western 
Washington  and  Oregon 
to  central  coastal  Cali- 

fornia, east  into  Cascade 
and  Sierra  Nevada  Ranges; 
elevations  from  sea  level 
to  7,500  feet. 

T,W,  E. Rudolph  0. 
Strothmann. 

T,  H,  W,  E      Gerald  E.  Rehfeldt. 

T,  H,  W,  E      Peyton  W.  Owston, 

'T:  timber  production,  H:  habitat  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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Genetic  improvement. — An  extensive  pro- 
gram is  well  underway  in  the  Pacific  Northwest 

to  identify  superior  parent  trees  within  local- 
ized areas  and  to  test  and  cross  them  to  produce 

elite  second  generation  seed  (88,  110).  Superior 
parents  have  been  identified  for  Christmas  tree 
use  in  Oregon  and  Washington  {3 It). 

Flowering  and  fruiting. — Male  and  female 
strobili  burst  bud  during  late  winter  and  spring 
(table  2),  about  a  year  after  their  initiation  as 
axillary  bud  primordia  {71).  Male  strobili, 
generally  borne  abundantly  over  much  of  the 
crown  on  the  lower  half  of  year-old  shoots, 
become  som.ewhat  pendant  when  mature  and 
are  about  2  cm.  long.  The  females,  developing 
more  distally  on  shoots  located  primarily  in 
the  upper  crown,  are  erect  at  time  of  pollen 
shedding,  about  3  cm.  long,  and  their  appear- 

ance is  dominated  by  large  trident  bracts  (Ut). 
Color  of  the  female  ranges  from  deep  green  to 
deep  red  and  the  male  from  yellow  to  deep  red. 
Strobili  of  the  same  sex  tend  to  be  of  uniform 
color  on  any  one  tree,  but  color  of  males  and 
females  may  differ  (4-5).  Pollination  in  a  given 
locality  occurs  over  a  2-  to  3-week  period  {90). 
Female  strobili  soon  become  pendant,  and  fer- 

tilization takes  place  about  10  weeks  after 
pollination  {H).  Seeds  develop  throughout  late 
spring  and  summer,  reaching  maturity  in 
August  or  early  September.  Cones  generally 
begin  to  dry  and  turn  brown  in  August  or  Sep- 

tember (color  plates),  and  most  seed  is  released 
in  September  and  October  (table  2). 

Calendar  date  for  these  phenological  events 
will  vary  not  only  with  latitude  but  also  with 

elevation  {87),  between  individual  trees  in  a 
given  locality  {70),  and  by  position  within  the 
individual  tree  crown  {70,  81).  Timing  will 
also  vary  from  year  to  year,  depending  upon 
weather  conditions.  Since  cones  open  by  dry- 

ing, time  of  seed  dispersal  is  particularly  in- 
fluenced by  late  summer  and  fall  weather. 

The  mature,  pendant  cones  of  Pseudotsuga 
are  readily  identified  by  their  three-lobed  bracts 
which  protrude  beyond  the  cone  scales  (fig.  1). 

Figure  1. — Pseudotsuga  incnziesii  var.  mcnziesii,  coast 
Douglas-fir:  mature,  unopened  cones  have  character- 

istic three-lobed  protruding  bracts,  0.5   X . 

Table  2. — Pseudotsuga:  phenology  of  floivering  and  fridting 

Species Location 
Flowering 

dates 
Cone  ripening 

dates 
Seed  dispersal 

dates 

Data 
source 

P.  macrocarpa. Southern  California February  to 
early  April. 

Early  August  to 
early  October. 

Late  August  to 
late  October. 

Jtl,A3,96 

P.  inenziesii  var. 
glauca. 

Central  Colorado,  6,750- 
to  9,455-foot  elevation. 

Mid-April  to 
early  May. 

81 Montana,  2,300-  to 
5,550-foot  elevation. 

Late  May  to 
early  June. 

Late  July  to 
early  August. 

Late  August  to 

mid-September.' 

101 

Northern  Idaho,  2,700- 
to  .3,300-foot  elevation. 

Early  May  to 
late  June. 

Mid-August Early  September  V 80, 101 

Central  Oregon Mid-May  to 
mid-June. Mid-August' 

103 

P.  menziesii  var. 
menziesii. 

Coastal  British 
Columbia. 

Late  March  to 
mid-May. Early  September September  to 

late  March." 

H,  23,  45,  70 

West-central  Oregon Mid-March  to 

early  June  - 

August   September  to 

late  March." 

28,40,52,87,92 

Southern  Oregon Late  March  to 
late  April. Mid-August ' 

103 

^  Beginning  dates  only. 
°  Rate  of  change  in  pollen  shedding  and  female  receptivity  in  one  study  ranged  from  62  to  91  feet  of  elevation  per 

day,  with  ffowering  earliest  near  sea  level  and  latest  at  about  4,200  feet  (87). 
'70  to  90  percent  of  the  seeds  usually  disperse  in  September  and  October;  most  of  those  remaining  disperse  be- 

tween November  and  March  (1,  52). 
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Figure  2. — Pseudotsuga:  seeds  with  wings  intact,  1  X. 
The  two  varieties  of  P.  menziesii,  coast  Douglas-fir 
and  Rocky  Mountain  Douglas-fir,  bear  seeds  that 
are  similar  externally  and  anatomically. 

Figure   3. — Pseudotsuga    menziesii,   Douglas-fir:    longi- 
tudinal section  through  a  seed,  8  X . 

Under  each  scale  are  borne  two  seeds  which 
have  relatively  large  wings  (fig.  2).  One  side 
of  the  seed  is  variegated  light  brown ;  the  other 
is  more  glossy  and  dark  brown.  Embryos  are 
linear  (fig.  3).  The  number  of  seeds  per  cone 
ranges  from  20  to  30  in  P.  menziesii  var.  glauca 
(80)  and  from  26  to  50  in  var.  menziesii  de- 

pending on  the  size  of  the  cone  {111).  The  seeds 
are  disseminated  by  gravity  and  wind;  their 
distances  of  travel  are  quite  variable  {51). 
Cones  may  be  retained  on  the  tree  one  or  more 
years  after  seed  dispersal. 

Cone  and  seed  production  in  Pseudotsuga  is 
quite  variable  from  tree  to  tree.  In  a  good  seed 
year,  an  average  mature,  forest-grown  coast 
Douglas-fir  produces  about  1  pound  of  seed 
{52),  whereas  widely  spaced  trees  may  produce 
2  pounds  or  more  (1,  52).  Trees  100  to  200 
years  old  are  most  prolific,  but  cones  on  younger 
trees  are  larger  and  contain  more  viable  seeds 
{112).  Since  not  all  trees  produce  seed  at  the 
same  time,  production  for  a  stand  averages 
considerably  less  than  1  pound  of  cleaned  seed 
per  ti'ee  {52).  Yield  in  a  given  stand  can  be 
increased  by  thinning  and  fertilization    {73). 

Some  seed  is  produced  annually  by  P.  tneyi- 
ziesii  var.  menziesii  except  for  about  1  year  in 
any  4-  to  5-year  period  {52).  But  environmental 
factors  make  the  crop  cycle  erratic  {63),  and 
abundant  crops  have  occurred  from  2  to  11 
years   apart   (table  3).   One  crop  failure   and 

two  or  more  light  to  medium  crops  usually 
occur  between  heavy  crops  {5i).  The  seed  pro- 

duction cycle  for  P.  menziesii  var.  glauca  is 
quite  similar  (table  3).  P.  macrocarpa  usually 
has  small  cone  crops;  the  infrequent  abundant 
crops  usually  occur  only  in  localized  areas  {106). 

Prediction  of  cone  crops  by  commercial  col- 
lectors is  delayed  until  2  months  before  seed- 

fall  because  of  factors  such  as  frost,  insects, 
cone  abortion,  and  poor  pollination  that  can 
cause  widespread  failure.  This  cannot  be  de- 

tected until  embryos  are  readily  visible  in  July. 
Advance  forecasts  of  12  months  are  possible 
by  counts  of  female  buds  {10)  and  of  17  months 
by  counts  of  developing  male  buds  {89).  But 
these  latter  techniques  are  more  accurate  in 
predicting  crop  failures  than  in  forecasting 
successful  crops. 

Major  insect  pests  of  Douglas-fir  cones  and 
seeds  are  the  Douglas-fir  seed  chalcid  {Mega- 
stigmiis  spermotrophus) ,  the  Douglas-fir  cone 
moth  (Barbara  colfaxiana),  the  fir  coneworm 
(Dioryctria  ahietella),  the  fir  cone  looper  (Eupi- 
thecia  spermaphaga) ,  and  gall  midges  (Iton- 
iclidae)  (54).  Leaf -footed  bugs  (Leptoglossus 
occidentalis)  attack  developing  male  strobili, 
female  cones,  and  seeds,  as  well  as  mature  seeds 
within  dry  cones  (58).  Heavy  damage  to  cones 
of  P.  menziesii  var.  glauca  by  a  budworm 
(Chorisfoneura  occidentalis)  has  also  been  re- 

ported (33).  Insects  have  destroyed  most  of  the 
seed  in  small  crops  (54). 
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Table  3. — Pseudotsuga:  height,  seed-hearing  age,  and  seed  crop  frequency 

Species 
Height 

at 

maturity- 

First 

culti- 
vation 

Minimum 

soed- 

bearing 
age 

Interval 
between  large 

seed  crops Data  source 

Feet Year Years Years 

P.  macrocarpa   60-  90 1910 

^20 

Infrequent 
30,41,43,56,96 

P.  menziesii  var. 75-130 

20 
3-11 

22,  39,  46,  81 
glauca. 

P.  menziesii  va.T. 180-300 1827 

=  7-10 

2-11 
11,46,52,57,63 

menziesii. 

'  Occasionally  earlier  on  good,  open  sites  (41)  ■ 
'  Minimum  age  for  commercial  collection  is  20  to  25  years  (11). 

Douglas-fir  flowers,  cones,  and  seeds  are  also 
depleted  by  frost,  small  mammals,  and  birds. 
Flower  and  conelet  damage  from  spring  frosts 
occurs  periodically  (81,  91).  Squirrels  start 
clipping  cones  early  (68),  but  they  cut  cones 
in  quantity  mainly  when  seeds  are  mature  {35, 
62). 

Collection  of  cones. — Commercial  cone  collec- 
tions for  P.  menziesii  var.  menziesii  begin  as 

early  as  mid-August  in  warm,  low-elevation 
areas  and  may  end  in  October  at  higher  eleva- 

tions {2,  35).  But  the  collection  period  in  any 
one  locality  lasts  only  2  or  3  weeks  (59).  Al- 

though collection  should  generally  be  delayed 
until  cones  take  on  a  brownish  or  purplish  tinge 
(color  plates),  tree-to-tree  variation  prevents 
uniform  use  of  cone  color  as  a  reliable  guide 
to  ripeness  {35).  A  commonly  used,  practical 
index  of  sufficient  maturity  is  the  seed's  ap- 

pearance— seedcoat  golden  lorown  with  wing  of 
the  same  color  which  detaches  intact  from  its 
bract  {25).  A  firm,  nonmilky  endosperm  en- 

closing a  yellowish-green  embryo  also  indicates 
ripeness  {59). 

Douglas-fir  cones  are  often  picked  from  stand- 
ing trees  {35,  59).  During  good  crop  years, 

squirrel  caches  are  also  a  prime  source  of  cones 
(55).  Squirrel-cut  cones  may  be  found  scattered 
under  the  trees  or  stored  in  caches.  Collection 
from  caches  is  feasible  after  natural  seed  dis- 

persal has  started  because  such  cones  are 
usually  stored  under  conditions  which  prevent 
drying  and  opening  {59,  67).  Collecting  from 
felled  trees  is  also  possible,  but  it  is  not  a  major 
source  of  cones  (59,  67). 

Cones  are  usually  put  into  burlap  sacks  for 
transport  and  storage.  Sacks  may  be  filled  to 
capacity  for  shipment,  but  they  should  only  be 
half-filled  if  cones  are  to  be  stored  in  the  sacks 
until  dry  and  partially  open.  To  prevent  heating 
and_ molding  of  the  green  cones  and  to  facilitate 
drying,  good  ventilation  must  be  provided 
around  and  among  the  sacks. 

Under  dry,  well-ventilated  conditions,  cones 
may  be  stored  for  3  or  4  months  without  de- 

creasing viability  of  their  seeds  (20,  21,  61,  78). 
In  fact,  seeds  not  fully  mature  benefit  from  a 
period  of  afterripening  in  the  cones  in  either 
sacked,  open-shed  storage  {76,  77)  or  layered 
in  damp  peat  moss  {86).  On  the  other  hand, 
seed  viability  may  be  reduced  by  pathogens  if 
moist  cones  are  stored  under  warm,  poorly 
ventilated  conditions  {78)  or  if  sacked  cones 
are  stored  in  sheds  for  more  than  4  months 

{20). 
Extraction,  cleaning,  and  storage  of  seeds. — 

Cones  may  be  opened  by  air-drying  in  warm 
dry  weather  but  most  extractories  rely  on  kilns. 
Pi-edrying  of  sacked  cones  on  racks  in  open- 
sided  sheds  is  a  planned  part  of  some  extractory 
operations;  at  other  extractories,  predrying  is 
incidental  to  storage  of  cones  before  processing. 

Kiln-drying  is  done  mostly  between  90°  and 
110°  F.  for  2  to  48  hours  (table  4).  Drying 
time  depends  on  the  moisture  content  of  the 
cones  and  rate  of  air  flow  through  the  kiln. 
Cones  of  P.  'menziesii  var.  menziesii  open  com- 

pletely when  35  to  51  percent  of  their  wet 
weight  is  lost  {111). 

Extraction  and  cleaning  usually  involve  (1) 
tumbling  of  dried  cones;  (2)  screening  to  sep- 

arate seeds  from  cone  scales,  dirt,  and  debris; 
(3)  dewinging;  and  (4)  fanning  or  blowing  to 
remove  hollow  seeds,  wings,  and  dust.  Vibra- 

tory or  pneumatic  separators  are  sometimes 
used  for  further  cleaning.  Care  must  be  taken 
in  these  operations  to  minimize  seed  damage, 
as  even  normal  commercial  processing  tends  to 
reduce  germination  capacity  (5).  Prolonged  de- 
winging  or  dewinging  of  seed  that  contains 
considerable  hard,  sharp  debris  such  as  cone 
scales  is  particularly  damaging  {3).  Minima 
of  95  percent  for  purity  and  70  percent  for 
viability  have  been  recommended  for  commer- 

cial seed  {108). 
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Table  4. — Pseudotsuga:  cone  drying  schedules  and  seed  yield  data 

Cone  drying  schedule Yield  data 

Species Air-drying  - 
Kiln-drying  period 

Data Weight  of 
a  bushel 
of  cones 

Seed  yield 

per  100 

Seed  yield 

per  bushel of  cones 

Data 

period Time Tempera- ture 
source 

pounds 
of  cones 

source 

Days Hours 

"F. 

Pounds Pounds Pounds 
P.  macrocarpa   -         8-10 

37,65 
25-30 2.8 0.8 

37 

P.  menziesii  var. 14-60 
2-10 

100-110 80,  105 25-60 1.0-1.3 0.5-0.8 105 

glauca. 
P.  menziesii  var. 8-21 

16-48 90-110 17,25,113 30-50 0.3-0.8 1,25,32, 
menziesii. 37,71f 

A  bushel  of  fresh  cones  weighs  25  to  60 
pounds  and  yields  about  0.5  pound  of  seed 
(table  4).  Seeds  of  both  varieties  of  P.  menziesii 
tend  to  become  larger,  i.e.,  decrease  in  number 
per  pound,  from  northern  to  southern  sources 
(table  5)  (97).  In  the  Pacific  Northwest  and 
northern  California,  seeds  also  increase  in  size 
as  elevation  of  the  source  increases  (97). 

Seed  of  the  Douglas-firs  is  generally  stored 
at  a  moisture  content  of  6  to  9  percent  (wet 
weight  basis)  at  0°  F.  in  sacks  or  plastic-lined 
fibreboard  drums  (17,  37,  65,  105,  108,  113). 
Seed  viability  has  been  maintained  for  10  to  20 
years  under  these  conditions  (17,  25).  Storage 

at  32°  F.  also  appears  satisfactory  (5).  Seed 
viability  declines  rapidly  at  room  temperature 
(5,  16,83). 
Pregermination  treatments  and  germination 

tests. — Stratification  (moist  prechilling)  of  P. 
menziesii  often  strikingly  improves  germination 
energy  and  somewhat  increases  germinative 
capacity  (table  6).  In  one  group  of  tests  involv- 

ing numerous  samples  of  var.  menziesii,  strat- 
ification improved  germinative  energy  in  99.5 

percent  of  the  lots  and  increased  germination 
capacity  98  percent  of  the  time  (69).  A  small 
number  of  tests  of  var.  glauca  from  eastern 
Washington  and  Oregon  gave  similar  results 
(69). 

But  response  of  P.  menziesii  to  pretreatment" is  variable  enough  that  prechilled  and  unchilled 
samples    of   individual    lots   are   often   tested. 
Moist   prechilling    (stratification)    is   required 
for  all  lots  of  P.  menziesii  var.  menziesii  since 
these  vary  from  dormant  to  nondormant  (12 
15,  50,  55).  International  Seed  Testing  Associa 
tion    rules    also    require    testing    of   unchillec 
samples  for  var.  menziesii  (50).  Prechilling  ifi 
not   prescribed,    but   is    often    done    routinel3! 
(table  6),  for  seeds  of  var.  glauca  from  centra^ 
and  southern  Rocky  Mountain  sources  (15,  4-9 
50).  However,  prechilling  is  required  by  thiii 

testing   rules   for    "P.    menziesii   var.    caesia' 
which  apparently  encompasses  all  P.  menziesi 
var.  glauca  sources  north  and  west  of  Colorad 
(15,  50).  The  International  rules  also  prescrib 

testing  of  unchilled  "var.  caesia"  samples  (50) 
For  lack  of  more  specific  information,  tesi 

ing  of  paired  P.  macrocarpa  samples,  one  strat: 
fied  and  the  other  untreated,  is  needed  for  thi 
species  to  determine  whether  stratification  i 
beneficial. 

Quick  pretreatment  of  P.  menziesii  seed  : 
possible  with  hydrogen  peroxide  (27,  84,  9, 
100).  When  seeds  are  soaked  an  approprial 
short  length  of  time  in  either  strong  or  wea 
hydrogen  peroxide  solution,  germination 
speeded    compared    with    those    untreated    c 

Table  5. — Pseudotsuga:  cleaned  seeds  per  pound 

Species Location Range Average 
Samples Data  source 

Number Number 

4,140 

4 
37,  65,  75 

44,300 
19 

A9 

38,800 
32,100 

33 
8 

49 

49 

39,499 4 26 

39,276 
97 69 

32,546 

41 

37 

Number 

P.  macrocarpa     .    Southern  California  2,800-6,300 
P.  menziesii  var.      Interior  British  28,500-53,300 

glauca.                      Columbia. 
Colorado    33,300-43,600 
Arizona    24,400-34,300 

P.  menziesii  var.      Coastal  British  29,519-45,400 
menziesii.                 Columbia. 

Washington  and  33,400-46,474 
Oregon. 

California    15,400-53,000 
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Table  6. — Pseudotsuga:  stratification  periods,  germination  test  conditioyis,  and  results 

Stratifi- cation 
Germination  test  conditions Germinative 

energy 

Germ 

inative  capacity 

Species Moist Temperature 

Dura- 

_   Data 

period  ' 
medium 

Day 

Night  2 

tion Amount Period 
Average Range 

Samples 

Days 

°F. 

F. 
Days 

Percent 
Days 

Percent Percent Number 

P.  macrocarpa   28 
Vermiculite 86 68 28 

31 

3 

37 

Paper     
-.. 

... 100 14 60 28 
30 

14-34 
15-57 

3 
5 

75 

102 

P.  nieyiziesii  var. 
21 Sponge  rok 86 

63 
14-21 60 9 68 24-83 8 69 

glauca. 0 
do 86 

68 21-35 40 

12 

60 27-75 8 69 
30 Paper. 86 68 17 70 

10 

78 

=  3 

10  U 

0 do   86 68 29 76 9 84 

'3 

10  u 

20-40 Vermiculite 77 77 

30 

96 92-100 6 7 
0 

do 
77 77 

50 

— 93 
88-98 

6 7 
P.  menziesii  var. 21 Sponge  rok 86 68 14-35 55 10 

81 

38-95 194 69 
menziesn. 0 

do 
86 

68 
28-35 54 

17 

75 29-93 194 69 
20-40 Vermiculite 77 77 

30 

89 42-100 20 7 
0   do   

77 
77 50 84 42-100 20 7 

'  Seed  stratified  naked  {12,  13),  or  on  moist  sponge  rok  or  vermiculite  at  32°-41°  F. 
^Alternating  temperatures  included  8  hours  of  light  during  the  high   temperature  period;   light  apparently  was provided  with  constant  temperature. 
'Var.  glauca  from  north-central  Colorado  seed  sources,   for  which  stratification  is  not  prescribed   (15,  50). 

soaked  an  equal  len^h  of  time  in  water.  Though 
convenient  for  bypassing  stratification  of  small 
amounts  of  seed,  routine  use  of  hydrogen  per- 

oxide pretreatment  is  not  yet  recommended 
because  it  may  have  some  adverse  effects  on 
subsequent  seedling  growth   (38). 

Germination  test  conditions  for  P.  menziesii 
call  for  samples  of  seed  to  be  placed  on  top  of 
blotters,  other  absorbent  paper,  cotton,  sponge 
rok,  vermiculite,  sand,  soil,  mixtures  of  sand 
and  soil,  etc.  (15,  50).  Specified  temperatures 

are  86"  F.  for  8  hours  daily  with  light  and  68° 
F.  for  16  hours  with  or  without  light  (15,  50). 
Minimum  test  duration  of  21  days  is  frequently 
extended  in  testing  laboratories,  especially  for 
nonstratified  samples  (table  6). 

The  method  prescribed  for  var.  menziesii  by 
the  Association  of  Oflicial  Seed  Analysts  (15) 
is  the  one  which  produced  highest  and  most 
consistent  results  in  referee  tests  conducted 
cooperatively  by  several  laboratories  in  the 

Pacific  Northwest  during  the  early  1960's. 
Several  other  test  combinations,  including  use 

of  constant  temperature  at  77°  F.  without  light, 
also  produced  good  results  (8,  9). 

Germination  test  conditions  are  not  yet  speci- 
fied for  P.  macrocarpa.  The  few  results  avail- 
able indicate  seed  viability  is  low  (table  6). 

Since  germination  tests  are  time  consuming, 
quick  approximation  methods  for  evaluating 
Douglas-fir  seed  quality  have  received  consider- 
able_  attention.  The  oldest  and  simplest  is  a 
cutting  test  to  determine  whether  a  seed  is 
empty,  insect  damaged,  or  shriveled,  and  per- 

haps judge  qualitv  of  the  full  seed  by  appear- 
ance and  color  of  endosperm  and  embryo.  In 

one  form  of  growth  test,  radicle  elongation  is 

observed  following  seedcoat  tip  removal  and 
soaking  of  seeds  in  weak  hydrogen  peroxide 
solution  (29,  31).  In  another  growth  test,  em- 

bryos are  excised  and  cultured  (31,  i8).  Stain- 
ing with  tetrazolium  chloride  is  used  to  dis- 

tinguish living  from  dead  tissues  in  the  seed 
(31).  Quality  of  Douglas-fir  seed  may  also  be 
judged  through  X-ray  analysis  with  or  without 
seed  treatment  with  a  contrast  agent  (31,  79, 
98).  Douglas-fir  seed  viability  is  generally  rated 
higher  by  the  various  quick  methods  than  by 
germination  test  results  (31,  9 If).  Nevertheless, 
approximation  methods  are  useful  when  time 
is  too  short  to  get  germination  test  results. 

Nursery  practice. — In  western  nurseries,  most 
Douglas-fir  seed  is  sown  in  the  spring  (95), 
despite  the  fact  that  overwinter  stratification 
is  naturally  provided  for  fall-sown  seed  and 
excellent  seedlings  may  be  produced  (36,  49). 
The  advantages  of  fall  sowing  are  generally 
outweighed  by  its  disadvantages — protection 
of  seed  required  to  prevent  washing,  frost 
heaving,  or  losses  to  rodents  and  birds;  loss  of 
fall  or  very  early  spring  germinants  from  frost, 
frost  heaving,  or  hail ;  and  timing  limitations 
involving  seed  and  nursery  bed  space  avail- 
abilitv  or  occurrence  of  suitable  sowing  weather 

(49,  59,  85,  95).  Stratified  seed  is  used  in  prac- 
tically all  spring  sowings  which  vary  with 

season  and  nursery  from  earlv  April  to  early 
June  (95). 

Most  nurseries  first  soak  Douglas-fir  seed  in 
tapwater,  then  stratify  it  naked  (13,  95)  ;  others 
mix  the  seed  with  vermiculite  or  sand  before 
subjecting  it  to  cool,  moist  stratification  (95). 
Soaking  period  ranges  from  overnight  to  48 
hours.  Soaking  procedures  vary;  details  of  one 
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include  letting  the  seed  warm  gradually  to 
room  temperature  after  removal  from  cold 
storage,  placing  it  in  plastic  bags  set  in  metal 
cans,  filling  the  bags  with  water,  soaking  the 
seed  40  to  48  hours  at  65°  to  70°  F.,  draining 
off  excess  water,  and  placing  can  and  contents 
in  a  cool  storage  room. 

Nearly  all  nurseries  stratify  seed  at  33°  to 
35°  F.,  the  rest  between  34°  and  41°  F.  Strat- 

ification period  generally  ranges  from  21  to  45 
days  but  may  be  as  long  as  60  days.  In  general, 
the  longer  the  stratification  period  the  faster 
and  more  complete  germination  will  be,  par- 

ticularly at  incubation  temperatures  as  low  as 

50°  F.  (4-  ,6,  7).  This  response  is  particularly 
advantageous  for  nurseries  that  experience  cool 
temperatures  in  the  spring.  Some  seeds  may 
sprout  during  lengthy  stratification,  however. 

Nearly  all  Douglas-fir  seed  is  now  drill  sown. 
Prior  to  sowing,  the  stratified  seed  is  surface- 
dried  and  often  treated  with  fungicide.  It  is 
then  sown  about  one-eighth  to  three-eights  inch 
deep  (one-half  inch  for  P.  macrocarpa).  Air- 
drying  of  seed  for  3  weeks  has  been  shown  to 
reverse  the  effects  of  stratification,  so  seedbeds 

should  not  be  allowed  to  dry  out  after  sowing 
stratified  seed  (47).  Sowing  rate  is  selected  to 
produce  18  to  50  seedlings  per  square  foot  and 
may  be  varied  depending  on  whether  1-0,  2-0, 
or  3-0  seedlings  are  to  be  produced  in  the  bed. 
Studies  have  shown  that  25  to  30  seedlings  per 
square  foot  are  ideal  for  some  British  Columbia 
nurseries  {36).  Reported  tree  percents  ranged 
from  25  to  77;  the  unweighted  average  for  18 
nurseries  was  51  percent  {95).  Germination  is 
epigeal  (fig.  4). 

Nursery  stock  is  outplanted  in  fall,  winter, 
and  spring;  on  the  average,  winter  and  early 
spring  plantings  show  best  results.  Stock  sizes 
used  include  1-0,  2-0,  and  3-0  seedlings  and 
1-1,  1-2,  2-1,  and  2-2  transplants.  The  2-0 
seedling  is  favored  unless  site  conditions  or 
other  circumstances  dictate  use  of  stock  with 
diflFerent  characteristics. 

Douglas-fir  is  well  suited  for  production  in 
small  containers;  it  is  much  less  subject  to 
circular  root  growth  than  are  seedlings  of 
several  other  tree  species.  Plantable  stock  can 
be  grown  in  one  season  either  in  greenhouse 
{72)  or  outdoors  under  shade  {66). 

Douglas-fir  can  also  be  propagated  vegeta- 
tively  from  stem  cuttings.  Rooting  potential  is 
high  for  material  from  trees  up  to  9  to  12  years 
old  but  drops  rapidly  with  age  of  older  sources 
{18,  99).  Treatment  with  growth  hormones  has 
proved  helpful  {18,  2U,  UU)  but  is  not  always 
necessary  for  cuttings  taken  from  young  trees 
{19,  60).  Trees  from  cuttings  tend  to  maintain 
a  branchlike  growth  habit  for  3  to  8  or  more 
years  after  planting  {18,  64).  There  are  indi- 

cations these  tendencies  can  be  reduced  by 
careful  choice  of  material  to  be  rooted  {18). 
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PTELEA 

Rutaceae — Rue  family 

PTELEA  TRIFOLIATA  L.  Common  hoptree 

by  K.  A.  Brinkman  '  and  R,  C.  Schlesinger  ̂  

Synonyms. — P.  trifoUata  fi  mollis  Torr.  & 
Gray. 

Other  common  names. — wafer-ash,  hoptree, 
woolly  common  hoptree. 

Growth  habit,  occurrence,  and  use. — Hoptree 
is  a  shrub  or  small  tree  up  to  25  feet  tall  with 
some  value  for  wildlife,  shelterbelt,  and  en- 

vironmental plantings.  It  occurs  from  Con- 
necticut and  New  York  to  southern  Ontario, 

central  Michigan  and  eastern  Kansas,  south  to 
Texas  and  east  to  northern  Florida  (2).  The 
species  has  been  cultivated  since  1724  (4). 

Flowering  and  fruiting. — The  polygamous 
flowers  open  from  April  in  the  Carolinas  (3)  to 
July  in  the  North  (1).  Fruits  are  reddish-brown 
samaras  (figs.  1  and  2)  that  ripen  from  June  to 
November  (4)  and  may  persist  until  spring  (6). 
Hoptree  is  an  abundant  seeder ;  the  samaras  are 
dispersed  by  wind. 

Collection  and  storage  of  seeds. — The  ripe 
samaras  may  be  picked  by  September.   They 

North  Central  Forest  Exp.  Stn. 

..»^ 

^ 

may  require  a  few  days  drying  if  they  are  to 
be  stored.  No  extraction  is  necessary.  In  five 
samples,  the  number  of  samaras  ranged  from 
9,000  to  18,000  and  averaged  12,000  per  pound. 
About  97  percent  of  the  fruits  contain  sound 

seed  (5).  If  stored  in  sealed  containers  at  41° 
F.,  seed  will  retain  most  of  its  viability  for  at 
least  16  months. 

Germination  tests. — Hoptree  seed  germinates 
slowly,  probably  because  of  embryo  dormancy. 
Germination  is  epigeal  (fig.  3),  and  can  be 
hastened  by  stratification  in  sand  or  peat  for 
3  to  4  months  at  41°  F.  (.5).  Germination  tests 
can  be  made  in  sand  flats  at  temperatures 

alternated  diurnally  from  77°  to  50°  F.  The 
observed  germinative  energy  period  ranged 
from  15  to  20  days.  Germinative  capacity  in 
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Figure    1. — Ptelea    trifoliata,    common    hoptree:    fruit 
(samara),  2  x. 

Figure  2. — Ptelea  trifoUata,  common  hoptree:  lon^tu- 
dinal  section  through  a  samara,  2  X. 
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six  tests  ranged  from   10  to  91  percent,  but 
averaged  only  28  percent. 

Nursery  pracf ice. — Seed  should  be  either  fall- 
sown  or  stratified  over  most  of  the  winter  and 
sown  in  the  spring.  If  fall-sown,  the  seedbeds 
should  be  mulched  to  reduce  effects  of  freezing 
and  thawing.  Propagation  also  is  possible  by 
layering,  grafting,  or  budding. 
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Figure  3. — Ptelea  trifoliata,  common  hoptree:  seedling 
development  at  1,  2,  and  10  days  after  germination. 
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Rosaceae — Rose  family 

PURSHIA  DC.  Bitterbrush 

by  Glenn  H.  Deitschman,^  Kent  R.  Jorgensen,-  and  A.  Perry  Plummer 

Growth  habit,  occurrence,  and  use. — Two  spe- 
cies of  bitterbrush  occur  on  dry  ranges  of  the 

Western  United  States;  one,  P.  glandulosa,  is 
limited  to  southern  parts  of  Utah,  Nevada,  and 
California,  but  the  other,  P.  tridentata,  is  found 
as  far  south  as  New  Mexico  and  as  far  north  as 
British  Columbia  (table  1).  Both  species  grow 
over  a  broad  elevational  range — from  near  sea 
level  to  more  than  10,000  feet  in  California  (5). 
Both  vary  widely  in  appearance,  ranging  from 
low,  layering  shrubs  to  15-foot  treelike  plants. 
The  two  species  hybridize  naturally  with  each 
other  and  with  Cowania  mexicana  var.  stans- 
huriana  (fig.  1).  Hybrid  progenies  of  these 
crosses  share  the  high  palatability  rating  of 
their  parents,  which  serve  as  major  browse 
sources  for  most  grazing  animals  wherever  the 

plants  occur  {8, 11).  Bitterbrush,  especially  the 
layering  forms,  is  also  used  to  stabilize  and 
beautify  roadcuts  and  exposed  sites  (5,  8).  Se- 

lection and  breeding  hold  promise  of  improved 
plants  for  artificial  propagation   (5). 

Flowering  and  fruiting. — The  perfect  yellow 
flowers,  born  singly  at  the  end  of  short,  lateral, 
leafy  spurs  {!),  first  appear  in  mid-April  or 
early  May  {9).  The  fruit  is  an  oblong,  pubescent 
achene,  about  l^  to  14  inch  long  (fig.  2),  that 
ripens  and  is  dispersed  during  July  or  early 
August  (5).  In  Utah,  occurrence  of  P.  tri- 

dentata seed  crops  has  varied  with  locality  from 
1-  to  2-year  intervals  in  Sanpete  and  Salt  Lake 

'  Intermountain  Forest  and  Range  Exp.  Stn. 
^  Utah  Division  of  Fish  and  Game. 

Figure  1. — Hybrid  achene,  Purshia  tridentata    x    Co- 
wania mexicana  var.  stayishuriana,  2  X . 

P.  glandulosa 
desert  bitterbrush 

V 

p.  tridentata 

antelope  bitterbrush 

Figure  2. — Purshia:  achenes  and  cleaned  seeds,  2  x. 

Table  1. — Pursia:  iiomenclature  and  occurrence 

Scientific  names 
and  synonyms Common  names Occurrence 

P.  tridentata  (Pursh)  DC.    antelope  bitterbrush,  deerbrush,  quininebrush   ,  British  Columbia  to  western 
Kunzia  tridentata  Spreng.  Montana,  south  to  New 
Tigarea  tridentata.  Pursh  Mexico,  California,  and 

northern  Arizona. 

P.  glandulosa  Curran    desert  bitterbrush,  antelope-brush     __.  Southwestern  Utah,  southern 
Kunzia.  glandulosa  Greene  Nevada,  and  southern 
P.  tridentata  var.  California. 

glandulosa  Curran. 
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Counties  and  from  2-  to  6-year  intervals  in 
Washington  County  (9). 

Collection  of  fruits. — Bitterbrush  achenes 
change  color  from  light-  or  dark-red  to  gray 
as  they  ripen.  Timing  of  collection  is  important 

because  the  dry,  matui'e  achenes  become  loose 
in  their  receptacles,  and  a  crop  can  be  lost  dur- 

ing one  severe  storm.  Achenes  can  be  harvested 
by  hitting  the  limbs  with  a  club  or  by  shaking 
the  branches  so  that  the  achenes  fall  into  con- 

tainers or  onto  canvasses  below  (2,  4,  8).  On 
suitable  sites,  the  new  vacuum  seed  harvester 
developed  by  the  USDA  Forest  Service  should 
be  more  efficient  than  hand  collection   (10). 

Cleaning  and  storage  of  seeds. — The  seed 
(figs.  2  and  3)  can  be  cleaned  by  means  of  a 
dewinger  that  rapidly  removes  and  segregates 
husks  and  trash  in  one  operation.  For  best  re- 

sults, a  piece  of  corded  rubber  belting  should 
be  wrapped  over  the  brush  roller  (8).  Seed  is 
quickly  separated  from  the  husks  and  trash 
when  put  through  a  conventional  fanning  mill. 
A  purity  of  95  percent  and  viability  of  90  per- 

cent are  acceptable  by  the  Utah  State  Division 
of  Fish  and  Game  (9).  For  both  species,  un- 
cleaned  seed  weighs  about  25  pounds  per  bushel, 
and  a  bushel  will  yield  about  17  to  18  pounds 
of  cleaned  seed  (11  percent  moisture  content). 
Seed-per-pound  data  are  given  in  table  2.  Field- 
dried  seed  can  be  safely  stored  for  periods  up 
to  5  years  in  burlap  bags  in  a  dry,  cool  place 

(9).  
^ Germination. — As  much  as  85  percent  of  bit- 

terbrush seed  can  be  dormant  and  stratification 

7mm. 

Figure    3.- — Purshia    tridentata,    antelope    bitterbrush: 
longitudinal    sections   of   seeds   through    two   planes, 
6  X. 

for  2-  to  3-months  periods  has  been  recom- 
mended. A  test  of  sti-atified  P.  tridentata  seed 

gave  69  percent  germination  in  5  days  (12). 
Petzold  (7)  found  that  short  stratification  pe- 

riods of  2  to  7  weeks  gave  adequate  results; 
when  extended  to  8  weeks,  a  high  percentage 
of  the  seeds  were  in  advanced  stages  of  ger- 

mination that  he  felt  might  be  responsible  for 
losses  when  sowed.  Pretreatment  with  a  3-per- 

cent solution  of  thiourea  for  3  to  5  minutes 
followed  by  air  drying  was  found  to  be  an 

eff"ective  means  of  breaking  dormancy  (6). 
Results  of  some  germination  tests  on  untreated 
1 -year-old  seed  (9)  are  summarized  in  table  3. 

Table  2. — Purshia:  cleaned  seed  per  pound 

Species 
Cleaned  seed  per  pound 

Samples Soundness 

Data 

Range                             Average source 

P.  tridentata 
Number                             Nujiiber 

   ,         13,400-19,000                         15,400 

Number 
50 
10 

Percent 
96 

94 

9 
P.  glandulosa      _ 20,300-21,600                         20,900 

18,300-21,900                         20,100 
9 
5 

Table  3.- — Purshia:  (/ermination  test  conditions and results  on untreated  seed 

(5)1 

Species 
Test  conditions                              Gerniinative  energy Germinative  capacity 

Temp.                     Duration              Amount Period 
Average 

Samples 

P.  tridentata. 

P.  glandulosa 

"F. 

{') 
(=) 

32-38 
(  =  ) 

32-38 

r-) 

32-38 

Days 

100 
90 
90 110 

90 
90 
90 

Percent 

95 
93 

Days 

60 
40 

Percent 

84 
68 
86 
76 
83 
97 

100 

Number 
6 
2 
9 
4 
4 
2 
2 

^  Test  medium  was  moist  paper.  Conditions  are  essentially  those  for  stratification. 
"  Seed  was  kept  in  an  insulated  box  in  an  open  warehouse  where  temperatures  simulated  the  daily  fluctuations  that 

occur  in  spring  under  field  conditions  at  a  soil  depth  of  about  1  inch. 
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Field  practice. — Little  information  about 
nursery  experience  with  bitterbrush  is  avail- 

able. Direct  seeding  of  the  two  species  on  range- 
land  in  late  fall  or  winter  has  been  very  success- 

ful. On  the  other  hand,  the  limited  trials  of  P. 
tridentata  nursery  stock  have  given  poor  to 
mediocre  results  {8).  Applications  of  Endrin 
and  Arasan  75  formulations  to  the  seed  have 
been  found  effective  in  reducing  rodent-caused 
losses  after  sowing  {2).  No  harm  to  seed  vi- 

ability has  resulted,  even  after  3  years  of  stor- 
age {10) .  In  Utah,  dates  of  natural  germination 

range  from  February  to  May,  depending  on 
locality  and  elevation  {9).  When  direct  seeding 
is  planned  for  spring,  treatment  of  the  seed 
with  thiourea  is  needed  for  timely  emergence 
and  seedling  establishment  (8). 
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Rosaceae — Rose  family 

PYRUS  L.  Pear 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge  ̂  

Growth  habit,  occurrence  and  use. — The  two 
species  discussed  here  are  exotics  which  have 
range  extensions  in  North  America  (table  1). 
Height  at  maturity  in  both  species  is  about  50 
feet  but  common  pear  may  rarely  reach  65-75 
feet  (2,  20).  Common  pear,  in  its  many  vari- 

eties, has  long  been  cultivated  for  its  fruit,  and 
both  species  are  used  for  environmental  en- 

hancement. Ussurian  pear  was  introduced  in 
North  America  about  1855  {12).  Advantages 
of  the  species  are  vigor,  dense  growth,  attrac- 

tive glossy  foliage,  scarlet  autumn  leaf  color, 
and,  among  all  pears,  the  most  hardiness  and 
least  blight  susceptibility  {20). 

Flowering  and  fruiting. — Large,  bisexual 
flowers  appear  with  or  before  the  leaves  during 
late  March  to  April  (table  2).  Fruits  (pomes)  of 
common  pear  in  the  wild  are  usually  less  than 
two  inches  long  but  most  cultivated  fruits  are 
larger.  Color  when  ripe  may  be  green,  yellow, 
russet,  red,  or  combinations  of  these  colors  {S). 
Ripe  fruits  usually  contain  4-10  smooth,  black 

'  Northeastern  Forest  Exp.  Stn. 

or  nearly  black  seeds  with  a  thin  layer  of  endo- 
sperm (figs.  1,  2).  Ussurian  pears  turn  from 

green  to  yellow  in  ripening  {15)  and  are  about 

11/4-1  V-i  inches  across  {12)  (fig.  1).  Fruit  ripen- 
ing dates  vary  from  mid-July  to  October  (table 

2).  The  seed  crop  interval  for  wild  common  pear 
in  Russia  was  reported  as  1-2  years  {1). 

Collection  of  fruits. — The  ripe  fruits  may  be 
picked  from  standing  trees  or  shaken  down. 
Ripeness  indicators  which  have  been  used  for 
common  pear  are  fruit  color  and  firmness,  seed 
development  and  texture  as  judged  from  ex- 

perience, and  elapsed  time  since  flowering  {IJt). 
The  simplest  approach  is  deciding  when  to  col- 

lect may  be  to  wait  until  some  fruit  has  fallen 
naturally  and  then  shake  down  the  pears  which 
separate  easily.  Long  poles  with  padded  hooks 
can  be  used  to  shake  the  fruit  down  onto  drop 
cloths  (18). 

Extraction  and  storage  of  seeds. — The  follow- 
ing process  can  be  used  to  prepare  cleaned  seed: 

run  fruits  through  a  macerator  with  water  and 
then  through  a  Dybvig  cleaner,  spread  seed  on 
screens  to  dry,  run  seeds  over  screens  of  a  fan- 

Table  1. — Pyrus:    nomenclature,  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common  names Occurrence Uses  ̂     Species  compiler 

P.  coniniunis  L. 

P.  ussuriensis  Maxim. 
P.  simonii  Carr. 
P.  sinensis  Dene. 

common  pear 
French  pear. 

Ussurian  pear 
Manchurian  pear, 
Harbin  pear. 

Europe,  western  Asia.  Range  extension:     EH  F.  L.  Pogge 
Maine  to  Missouri  to  Texas  to  Florida. 

Manchuria,  North  Korea.  North  China,       ESW        P.  E.  Slabaugh 
eastern  Siberia.  Range  extension: 
southern  Alberta  (11) ;  planted  in 
North  and  South  Dakota  (15) 

^  E-environmental  forestry,  H-habitat  or  food  for  wildlife,  S-shelterbelts,  W-watersheds. 

Table  2. — Pyrus:    flowering  and  fruiting  dates 

Species Location Flowering  dates Fruit  ripen- 
ing dates 

Data 
source 

P.  communis. 

P.  spp.  (var.  Anjou, 
Bartlett,  and  Bosc) 

P.  ussuriensis. 

        _  Apr.-May 
Tenn.-N.C    Mar. 

Wash     Apr.  8-May  14     Aug.  6-Oct.  4    .. 
Oreg    Apr.  2-29       Aug.  13-Sept.  31 
Calif.      Apr.  1-12.       July  16-Sept.  14 
S.  Dak                Sept   

16 

U 
U 
U 
18 
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2X 

Figure  1. — Pyrus  ussuriensis  Ussurian  pear:  fruit,  1  x, 
and  seed,  2  x. 

-8mm 

Figure  2. — Pyrus  commiinis,  common  pear :  longitudinal 
section  through  a  seed  (left)  and  exterior  view 
(right),  6  X. 

ning  mill,  and  then  through  a  disk  cleaner  (IS). 
As  alternatives,  a  cider  mill  can  be  used  for 
macerating  the  fruit  and  the  seeds  can  be  dried 
and  cleaned  by  various  methods.  Yields  are 
shown  in  table  3,  and  soundness  of  cleaned  seed 
has  been  reported  as  92-98  percent  (15, 17, 19). 

For  storage,  seeds  should  be  dried  to  a  moisture 
content  of  about  10  percent,  sealed  in  glass  con- 

tainers, and  held  at  32°-41°  F.  Under  these  con- 
ditions common  pear  seed  has  retained  high  ger- 

minative  capacity  for  2  or  3  years  (1).  Dry 
storage  at  room  temperature  also  has  main- 

tained seed  viability  satisfactorily  for  2  or  3 
years  {13,  19),  but  refrigeration  is  probably 
better  when  seeds  are  in  a  sealed  container. 

Germination. — Prechilling  is  needed  to  break 
internal  dormancy  of  the  seeds.  Stratification 
temperatures  which  have  been  recommended  for 

common  pear  are  32°-45°  F.  (19)  and  37°- 
41°  F.  (10).  But  more  recent  work  showed  that 
either  32"  or  36"  F.  was  better  than  higher  tem- 

peratures. In  a  comparison  of  treatments  for 
common  pear,  90-97  percent  of  the  seeds  germi- 

nated after  stratification  at  32°  or  36°  F.  for 
60  or  90  days.  The  optimum  treatment  among 
these  four  was  not  statistically  verified,  but  the 
36°  F  '90-day  treatment  produced  the  highest 
germination  and  each  treatment  was  clearly 
better  than  others  involving  either  higher  tem- 

peratures or  only  30  days.  All  treatments  in- 
cluded presoaking  the  seeds  in  water  for  24 

hours  and  then  placing  them  in  moist  vermicu- 
lite  in  polyethyene  bags.  Only  7  percent  of  the 
unstratified,  control  seeds  germinated  (7). 
Exactly  comparable  data  for  Ussurian  pear  are 
not  available,  but  one  lot  of  carefully  cleaned 
seed  showed  83  percent  germination  after  strati- 

fication at  38°  F.  for  60  days.  This  result  was 
much  better  than  those  for:  a  38°  F ''30-day treatment,  other  treatments  which  did  not  in- 

clude prechilling,  and  all  treatments  of  another 
lot  of  seed  having  many  cracked  or  separated 
seedcoats.  However,  the  optimum  stratification 
period  for  Ussurian  pear  may  lie  between  30  and 
60  days  since  seed  chilled  for  60  days  showed 
considerable  sprouting  during  .stratification  (3). 
The  germination  test  conditions  recommended 
are:  sand  or  sand/perlite,  seeds  lightly  covered, 

temperatures  alternating  daily  between  86°  F. 
for  8  hours  and  68°  F.  for  16  hours,  light  during 
the  86°  F.  period,  first  count  at  7  days,  and  final 
count  at  28  days  (3,  10).  For  rapid  testing  of 
germinative  capacity,  the  embryo  excision  (5, 
9)  and  tetrazolium  chloride  methods  (6,  10) 
have  been  used. 

Table  3. — Pyrus:   cleaned  seeds  per  pound  and  other  yield  data 

Species 
Fruit     Seeds  per      Seeds  per 
per      100  pounds        bushel 

bushel      of  fruit  of  fruit 

Cleaned  seeds  per  pound 
Range 

Average      Samples 

Data 

source 

P.  communis       
P.  ussuriensis 

(N.  Dak.  and  S.  Dak.) 

Pounds 

46 

Pounds 
1-5 

0.6 

PotDids 

0.3-1.0 

Number 

12,000-24,000 

8,470-  9,600 

Number       Number 

14,400  16-f 

9,100  4 

13,  17,  19,22 

15,18 
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Nursery  practice. — Pear  seeds  can  be  sown 
either  in  the  fall,  if  unstratified,  or  spring,  if 
stratified.  They  should  be  sown  in  drills,  with 
10-15  seeds  per  linear  foot,  and  covered  with 
one-half  to  one  inch  of  soil  (19,  21).  Germina- 

tion is  epigeal  (fig.  3).  Seedlings  of  1-0  stock 
can  be  field  planted,  or  root-pruned  at  a  depth  of 
6-8  inches  and  transplanted  for  one  year  {19). 
Common  pear  seedlings  are  frequently  subject 
to  attack  by  mildew.  Horticultural  varieties 
usuallj^  are  propagated  by  budding  or  grafting. 
Pears  may  grow  best  on  clay  loam  soils  which 
are  at  least  moderately  well  drained  {19). 

Figure  3. — Pyrus  communis,  common  pear :  seedling  de- 
velopment at  1,  2,  3,  6,  and  12  days  after  germination. 
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Fagaceae — Beech  family 

QUERCUS  L.  Oak 

by  David  F.  Olson,  Jr.^ 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Quercus,  with  many  species  of  deciduous 

and  evergreen  trees  and  shrubs,  is  the  most 
important  aggregation  of  hardv^oods  found  on 
the  North  American  continent,  if  not  in  the 
entire  Northern  Hemisphere  {19).  The  oaks  are 
widely  distributed  throughout  the  temperate 
regions  of  the  Northern  Hemisphere,  and  extend 
southward  to  the  mountains   of   Colombia   in 

^  Southeastern  Forest  Exp.  Stn. 

South  America,  and  to  the  Indian  Archipelago 
in  the  Eastern  Hemisphere  {67).  There  are 
about  70  species  native  to  the  United  States,  and 
58  of  these  reach  tree  size  {35).  There  are  also 
listed  69  hybrids.  Sufficient  data  are  available 
for  41  taxa  (table  1).  The  uses  of  oak  include 
almost  everything  that  mankind  has  ever  de- 

rived from  trees — timber,  food  for  man  and 
animals,  fuel,  watershed  protection,  shade  and 
beauty,  tannin  and  extractives,  and  cork.  Conse- 

quently, species  of  oak  are  widely  planted  for 
many  purposes. 

Table  1. — Quercus:  nomeyiclature ,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Group 
Common  names Occurrence 

Uses  " 

Data  compilers 
for  the  species 

Q,  acutissinia 
Carruthers    White. 

Q.  agrifolia  Nee     Black  . 
Q.  pricei  Sudw. 

Q.  alba  L    White 

Q.  bicolor  Willd   __      White 
Q.  platanoides 

(Lam.)  Sudw. 

Q.  cerris  L    White. 

Q.  chrysolepis  Liebm. 
var.  chrysolepis  White 

Q.  coccinea  Muenchh.        Black 

Q.  doitglasii  Hook  & 
Arn.   White 

sawtooth  oak. 

California  live  oak, 
coast  live  oak. 

white  oak,  fork-leaf white  oak, 
stave  oak. 

swamp  white  oak, 
white  oak 
(lumber). 

European  turkey 
oak, turkey  oak. 

canyon  live  oak, 
canyon  oak, 
maul  oak. 

scarlet  oak,  black 
oak,  Spanish  oak, 
red  oak  (lumber). 

blue  oak,  California 
blue  oak,  iron  oak. 

Eastern  Asia  and  Japan.  H,  E    ^ 
Introduced  to  eastern 
United  States  (6i). 

Valleys,  rocky  hills,  canyon      H,  W,  E..  . 
walls  of  California 
below  3,000  ft.  (55). 

Central  Maine,  south  to  T,  H,  W,  E 
Florida,  west  to  Texas, 
north  to  Minnesota 

(19,  50). 
Central  Maine,  south  to  T,  H,  E 

North  Carolina,  west  to 
Oklahoma,  north  to 
Minnesota  (11, 20). 

Southern  Europe  to  western 
Asia;  introduced  to 
central  United  States 

{6i). 

Southwestern  Oregon,  H,  W,  E 
south  to  lower  California, 
Mexico,  east  to  New 
Mexico;  1,000  to  9,000 
ft.  in  north  2,500  to 
9,000  ft.  in  south  (55). 

Southeastern  Maine,  south 
to  Georgia,  west  to 
Arkansas,  north  to 
Minnesota  (10, 19). 

Foothills  of  Sierra  Nevada      H,  W,  E 
and  Coast  Ranges  of 
California  (55). 

Grant  Davis. 

W.  W.  Oliver. 

L.  Jones. 

R.  L.  Barnes. 

H,  E      P.  0.  Rudolf. 

D.  T.  Gordon. 

T,  H,  W,  E  ..  L.  Jones. 

P.  M.  McDonald. 
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Table  1. — Quercus:  nomenclature,  occurrence,  andiises;  data  co7npilers — Continued 
Scientific  names 
and  synonyms 

Group 
Common  names Occurrence 

Uses " 

Data  compilers 
for  the  species 

Q.  dumosa  Nutt. 
var.  dutnosd 

Q.  durandii  Buckl. 
var.  durandii 

Q.  ellipsoidalis 
E.J.  Hill 

Q.  falcnta  Michx. 
var.  falcata 

Q.  rubra  var.  frihohi 
(Michx.)  Ashe. 

Q.  digitata  (Marsh.) 
Sudw. 

Q.  falcata  var. 
pagodaefolia  Ell. 

Q.  garryana  Dougl. 

White 

White 

Black 

Black 

Black 

White 

Q,  ilici folia  Wangenh.       Black 
Q.  nana  (Mar.sh.) 

Sarg. 

Q.  imbricaria  Michx.  Black 

Q.  kellof!gii  Newb.  Black 
Q.  calif  arnica 

(Torr. )  Cooper 
Q.  laeiis  Walt.  Black 

Q.  cafesbaei  Michx. 

California  scrub 
oak, scrub  oak. 

Durand  oak.  bluff 
oak. 

northern  pin  oak, 
jack  oak, 
Hill  s  oak. 

southern  red  oak, 
Spanish  oak,  red 
oak  (lumber). 

cherrybark  oak, 
bottomland  red 
oak,  Elliott  oak. 

Oregon  white  oak, 
Garry  oak,  post oak. 

bear  oak,  scrub  oak 

shingle  oak,  laurel 
oak. 

California  black  oak, 
black  oak, 
Kellogg  oak. 

turkey  oak,  scrub 
oak,  Catesby  oak. 

Q.  laurifolia  Michx. 
Q.  obtiisa  (Willd.) 

Ashe 

Black laurel  oak, 
Darlington  oak, 
water  oak. 

Q.  hemispliaerica 
Bartr. 

Q.  lobata  Nee          .    .. ..   White California  white  oak 
valley  white  oak, 
roble. 

(?. /yrofo  Walt.      .     .... ._  White overcup  oak,  swamp 
post  oak,  water 
white  oak. 

Q.  macrocarpa  Michx.       White 
Q.  olivaeformis 

Michx.f. 

bur  oak,  mossycup 
oak,  blue  oak. 

Coast  Ranges  and  offshore       W,  E 
islands  of  California  and 
Baja  California  (55). 

Coastal  plain  from  South  T,  H 
Carolina  to  central 
Florida  and  west  to 
Texas  and  Arkansas  (35). 

Central  Michigan,  west  to        T,  H,  E 
southern  Manitoba, 
south  to  Iowa,  east  to 
Ohio  (S5). 

New  Jersey,  south  to  T,  H,  E 
Florida,  west  to  Texas, 
northeast  to  southern 
Indiana  and  Ohio 
(18,67). 

Coastal  New  Jersey,  south        T,  H,  E 
to  Florida,  west  to 

eastern  Texas,  north- 
ward in  Mississippi 

Valley  to  southern 
Indiana  (35,38). 

British  Columbia,  south  to 
Santa  Cruz  Mountains, 
California  (S5,35). 

Southern  Maine,  south  to  H,  E 

West  Virginia,  south- 
west Virg'inia,  and 

western  North  Carolina 

(35). 
New  Jersey  and  Pennsyl-         T,  H,  E 

vania,  south  along 

Appalachian  Mountains 
to  northern  Georgia, 
west  to  Arkansas,  north 
to  Iowa  and  southern 
Wisconsin  (6i). 

Western  Oregon,  south  T,  H,  W,  E 
through  Coast  Ranges 
and  Sierra  Nevada  (i2). 

Coastal  Plain  from  south-         H,  E   
eastern  Virginia  to 
central  Florida,  and 

west  to  Louisiana  (^,<*). 
Coastal  Plain  from  south-        T,  H,  E 

eastern  Virginia  to 
southern  Florida,  west 
to  eastern  Texas  (6i). 

Valleys  and  foothills  in  T,  H,  W,  E 
California  (55). 

Coastal  Plain  from  New  T,  H,  E 
Jersey  to  Florida,  west 
to  eastern  Texas;  north 
in  Mississippi  Valley  to 
southern  Indiana  (6i). 

New  Brunswick,  west  to  T,  H,  E 
Manitoba,  south  to 
eastern  Texas,  northeast 
to  Tennessee,  West 
Virginia  and  New  York 
(15). 

D.  T.  Gordon. 
W.  R.  Hildreth. 

F.  T.  Bonner. 

J.  E.  Krajicek. 

R.  L.  Barnes. 

L.  Jones. 
D.  A.  Benson. 

T,  H,  W,  E      R.  F.  Powers 

F.  L.  Pogge  and 
J.  D.  Hill. 

J.  E.  Krajicek. 

P.  M.  McDonald. 

R.  L.  Barnes. 

R.  L.  Barnes. 

P.  M.  McDonald. 

R.  L.  Barnes. 

J.  E.  Krajicek. 
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Table  1. — Quercus:  nomenclature,  occurrence,  and  uses;  data  compilers — Continued 

Scientific  names 
and  synonyms 

Group 
Common  names Occurrence 

Uses 
Data  compilers 
for  the  species 

Q.  michauxii  Nutt. 
Q.  prinus  L. 

Q,  inuehlenbergii 
Engelm. .    

Q.  acuminata 
(Michx.)  Sarg. 

White- 

White 

Q.  nigra  L.   
Q.  aquatica  Walt. 
Q.  microcarpa  Small. 

Q,  nuttalUi  Palmer 

Black 

Black 

Q.  palustris  Muenchh.       Black 

Q.  petraea 
(Mattushka) 
Lieblein. 

Q.  sessiliflora  Salisb. 
Q.  robur  Mill.,  not  L. 

Q.  phellos  L.     

Q.  prinus  L.     
Q.  montana  Willd. 

Q.  robur L   
Q.  pedunculata 

Ehrh. 

Q.  rubra  L   
Q.  borealis  Michx. f. 
Q.  borealis  var. 
maxima  (Marsh.) 
Sarg:. 

swamp  chestnut  oak, 
cow  oak, basket 
oak. 

chinkapin  oak,  rock 
oak,  yellow  oak. 

water  oak,  possum 
oak,  spotted  oak. 

Nuttall  oak,  smooth- 
barked  red  oak, 
swamp  red  oak. 

pin  oak,  Spanish 
oak,  swamp  oak. 

White      durmast  oak; 
sessile  oak. 

Black  .     willow  oak,  peach 
oak,  pin  oak. 

White      chestnut  oak,  rock 
chestnut  oak, 
rock  oak. 

White      English  oak, 
pedunculate  oak. 

Black.  .  northern  red  oak, 
eastern  red  oak, 

gray  oak. 

Coastal  Plain  from  New 
Jersey  to  central 
Florida,  west  to  eastern 
Texas,  north  in 
Mississippi  Valley  to 
central  Illinois  and 
Indiana  (88). 

Vermont  and  New  York, 
south  in  mountains  and 
hills  to  northwestern 
Florida,  west  to  central 
Texas,  north  to  eastern 
Nebraska  and  Minnesota 
(3Jt,88). 

Coastal  Plain  from  New 
Jersey  to  central  Florida, 
west  to  eastern  Texas, 
north  in  Mississippi 
Valley  to  southeastern Missouri  (20). 

Gulf  coastal  plain  from 
Alabama  to  eastern  Texas, 
north  in  Mississippi 
Valley  to  southeastern Missouri  (88). 

Massachusetts,  west  to 
southern  Michigan  and 
•eastern  Nebraska, 
south  to  eastern 
Oklahoma,  east  to 
Tennessee  and  North 
Carolina  (A9,  67). 

T,  H,  E- L.  C.  Maisen- helder. 

T,  H,  E. 

T,  H,  E 

T,  H,E 

L.  C.  Maisen- helder. 

R.  L.  Barnes. 

R.  L.  Johnson. 

Europe  and  western  Asia ; 
planted  in  central  and 
northeastern  United States  (6U). 

Coastal  Plain  from  New 
Jersey  to  northern 
Florida,  west  to  eastern 
Texas ;  north  in 
Mississippi  Valley  to 
southeastern  Missouri 

(77). Southwestern  Maine,  south 
to  northern  Georgia  in 
hills  and  mountains,  west 
to  northern  Mississippi, 
north  to  southern 
Ontario  (9). 

Europe,  northern  Africa, 
and  western  Asia; 
planted  in  southeastern 
Canada  and  northeastern 
United  States,  and 
escaping  from  cultivation 
(35). 

Cape  Breton  Island,  Nova 
Scotia,  west  to  southern 
Ontario,  south  to 
eastern  Oklahoma,  east 
to  the  Carolinas  (66). 

T,  H,  E    J.  E.  Krajicek. 

T,  H,E    P.O.Rudolf. 

T,  H,  E L.  C.  Maisen- helder. 

T,  H,W,  E-.  J.  E.  Krajicek. 

T,  H,  E G.  R.  Trimble,  Jr. 

T,  H,  W,  E      G.  R.  Trimble,  Jr.r 
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Table  1. — Quercus:  nomenclature,  occurrence,  and  uses;  data  compilers — Continued 
Scientific  names 
and  synonyms Group  '  Common  names Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

Q.  shumardii  Buckl. 
var.  shumardii 

Q.  stellaUi 
Wapenh.  var. 
stetlata 

Q.  minor  (Marsh.) 
Sarg. 

Q.  similis  Ashe 

Black       Shumard  oak, 
Schneck  oak, 
swamp  red  oak. 

White       post  oak,  iron  oak 

Q.suberh       White      cork  oak 

Q.  turbinella  Greene  White       shrub  live  oak, 
Q.  subturhinella  Trel.  scrub  oak,  encino. 

Q.  vaccinifolia  Kell 

Q,  variabilis  "&[     . Q.  chinensis  Bge., 
not  Abel 

Q.  scrrata 
Carruthers,  not 
Thumb. 

Q.  velutina  Lam. 
Q.  leiodermis  Ashe 

Q.  virginiana  Mill, 
var.  virginiana 

Q.  wisUzenii  A.  DC. 

White      huckleberry  oak 

Black       oriental  oak 

Central  Texas,  Oklahoma,        T,  H,  E 
and  Arkansas;  east  to 
Florida,  north  to 
Pennsylvania,  west  to 
Iowa  and  Kansas  (39). 

Southern  New  England,  T,  H,  W,  E 
south  to  northern 
Florida,  west  to  central 
Texas,  north  to  Iowa 

U8). Southwestern  Europe  and        T,  S,  E 
northern  Africa ;  planted 
in  California  (6Jt). 

Southern  Colorado  and  H,  W,  E 
New  Mexico  to  California 
and  northern  Mexico  {30). 

Southern  Oregon  and  H,  W,  E 
northern  California  in 
Coast  Ranges  and 
Sierra  Nevada  (25,  55). 

Northern  China,  Korea, 
and  Japan;  planted  in 
central  and  northeastern 
United  States  (6J,). 

R.  L.  Johnson. 

L.  C.  Maisen- helder. 

P.  0.  Rudolf. 

H.  G.  Reynolds. 

R.  F.  Powers. 

T,  E     P.  0.  Rudolf. 

Black       black  oak, 

smooth-bark 
oak,  yellow 
oak. 

White       live  oak,  Virginia 
live  oak. 

Black interior  live  oak, 

highland  live 
oak.  Sierra 
live  oak. 

Southern  Maine,  south  to 
northern  Florida,  west 
to  eastern  Texas,  north 
to  southern  Minnesota 

(5). 

Coastal  Plain  from  Virginia    T,  H,  E 
to  southern  Florida,  west 
to  southern  Texas  and 
northeastern  Mexico; 
western  tip  of  Cuba  (88). 

California,  from  Shasta  H,  W,  E 
County,  southward  to 
Baja,  California  (25,  55). 

T,  H,  W,  E      J.  E.  Krajicek. 

J.  J.  Stransky. 

R.  F.  Powers. 

White  oaks  belong  to  subgenus  Lepidobalayius;  Black  oaks  belong  to  subgenus  Erythrobalanus. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,     W:  watershed,  S.  shelterbelt,  E:  environmental  forestry. 

Flowering  and  fruiting. — The  .staminate  flow- 
ers are  borne  in  naked  aments  (catkins),  and 

the  pistillate  flowers  solitary,  or  in  2-  to  many- 
flowered  spikes  on  the  same  tree,  in  the  spring 
(February  to  May)  before  or  with  the  leaves. 
Staminate  flowers  develop  from  leaf  axils  of  the 
previous  year,  whereas  pistillate  flowers  develop 
from  axils  of  leaves  of  the  current  year.  The 
fruit,  an  acorn  or  nut  (fig.  1),  matures  in  1  year 
(white  oaks)  or  2  years  (black  and  red  oaks) 
(17).  Acorns  are  one-seeded,  or  rarely  two- 
seeded,  and  occur  singly  or  in  clusters  of  two  to 
five.  They  are  partially  enclosed  by  a  scaly  cup 

(the  modified  involucre).  Oak  fruits,  14  to  II/2 
inches  long  (6  to  37  mm.),  are  subglobose  to 
oblong,  short-pointed  at  the  apex,  and  marked 
with  a  circular  scar  at  their  base  which  is 
covered  by  the  cup.  Fruit  ripening  and  seed 
dispersal  occur  in  the  autumn,  from  late  August 
to  early  December  (36,  55,  60,  67,  82).  The 
embryo  has  two  fleshy  cotyledons,  and  there  is 
no  endosperm  (fig.  2).  Acorns  are  generally 
green  when  preripe,  and  turn  brown  (sometimes 
black)  when  ripe.  The  oaks  vary  widely  in  initi- 

ation of  seed  bearing  and  frequency  of  large 
crops  (table  2). 
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i 

>r>v 

Q.  acutissima 
sawtooth  oak 

Q.  alba 
white  oak 

Q.  bicolor 
swamp  white  oak 

Q.  chrysolepis 

canyon  live  oak 

Q.  douglasii 
blue  oak 

Q.  durandii 
Durand  oak 

Q.  ellipsoidalis 
northern  pin  oak 

Q.  falcata 
southern  red  oak Q.  garryana 

Oregon  white  oak 

«^J^^^^ 

Q.  ilicifolia 
bear  oak 

■if.Z'^i 

Q.  laurifolia 
laurel  oak 

Q.  imbricaria 

shingle  oak 

Q.  incana 

blue  jack  oak 

Q.  lobata  Q.  I y rata 
California  white  oak  overcup  oak 

Q.  kelloggii 

California  black  oak 

Q.  laevis turkey  oak 

^f-»   "^^^\r 

A 

Q.  macrocarpa 
bur  oak 

Figure  1. — Quercus:  acorns,  1  X. 
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Q.  marilandica 
black  jack  oak 

Q.  michauxii 
swamp  chestnut  oak 

Q.  muehlenbergii 
chinkapin  oak 

Q.  myrti folia 
myrtle  oak 

Q.  nigra 
water  oak 

h  'K^.x^ 
""^0^ 

Q.  nuttallii 
Nuttall  oak 

Q.  palustris 

pin  oak Q.  phellos willow  oak Q.  prinoides dwarf  chinkapin  oak 
Q.  prinus chestnut  oak 

Q.  robur 

English  oak 
Q.  rubra 
northern  red  oak 

Q.  sadleriana 
Sadler  oak 

Q.  shumardii 
Shumard  oak 

Q.  Stella  ta 

post  oak 

^■'
 

'■■\> 

^4: 

m 

Q.   vaccinifolia 
huckleberry  oak 

Q.   velutina 
black  oak 

Q.   virginiana 
live  oak 

Q.   wislizenii 
interior  live  oak 

Figure  1. — Quercus:  acorns,  1  X — Continued. 
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r-28nnm Table  2. — Quercus:  height,  seed-hearing  age, 
and  seed  crop  frequency 

1-0 

Figure  2. — Quercus  rubra,  northern  red  oak:  longitudi- 
nal section  through  an  acorn,  2  X. 

Collection  of  fruits. — Ripe  acorns  may  be  col- 
lected from  August  to  December  from  the 

ground,  or  flailed  or  shaken  from  branches  onto 
canvas  or  plastic  sheets  after  ripening  {^7,  82). 
Acorns  of  the  white  oak  group  should  be  col- 

lected soon  after  they  have  fallen  to  retard  early 
germination  {31,  82).  One  species  of  the  black 
oak  group  (Q.  kelloggii)  also  requires  prompt 
collection  because  mold  often  infects  fallen 
acorns,  and  destroys  the  cotyledons  (42).  In 
addition,  birds  eat  ripe  acorns  of  some  species 
while  they  are  still  on  the  tree,  and  several  or- 

ganisms consume  acorns  rapidly  once  they  have 
fallen  (31).  In  years  when  light  crops  are  pro- 

duced, acorns  are  sometimes  heavily  infested 
with  weevils  (Curculio  spp.),  and  collection  of 
large  quantities  of  sound  seed  is  difficult  {8, 
31,  51). 

Extraction  and  storage  of  seed. — The  only 
extraction  required  before  storage  or  sowing  is 
removal  of  loose  cups,  twigs,  and  other  debris. 
However,  the  proportion  of  sound  seed  can  be  in- 

creased by  removing  defective,  hollow,  and 
partially  consumed  acorns,  and  by  killing  weevil 
larvae  which  remain  inside  the  acorns.  The 
sorting  can  be  done  by  flotation  or  by  hand  (37, 
82).  The  most  desirable  method  will  depend  on 
the  species  of  oak,  moisture  content  of  acorns, 
and  relative  cleanness  of  the  seed  lot.  The 
species  of  oak  vary  considerably  in  seed  yield 
and  number  of  seeds  per  pound  (table  3).  Con- 

sequently, trial  procedures  for  sorting  should  be 
tested  for  specific  conditions.  In  flotation,  all 
acorns  which  float  in  water  are  discarded.  Some 
sound  seed  will  be  lost  in  this  way,  but  the  pro- 

portion of  sound  seed  in  the  sunken  acorns  will 
be  much  greater  than  the  proportion  of  sound 
seed  in  the  floating  acorns. 

Height  Year  of  J?'"''     Interval 

Soecies  «*  <^''^'  feei-      between 
bpecies                  matur-  culti-  J^^^^.^^      seed 

ity  vation  ̂        ̂     crops 

Feet  Years      Years 
acutissima...      50  1862  5           1 

agrifolia    75  1849  15 
alba    100  1724  20       4-10 
bicolor    100  1800  20       3-5 
cerris       100  1735 

chrysolepis    60  1877 
coccinea    100  1691  20       3-5 
douglasii    60  — .  -  -       2-3 diimosa        20 
diirandii        75 

ellipsoidalis    70  1902         

falcata var.  falcata    90  1763  25       1-2 
var.  pagodaefolia  110  1904  25       1-2 
garrijana  70  1873  2-3 
UicifoUa     20  1800 
imbricaria    70  1724  25       2-4 

kelloggii        85  1878  30       2-3 laevis             30  1834 
lauri  folia    90  1786  15            1 
lobata  .            100  1874  2-3 
lyrata    80  1786  25       3-4 
macrocarpa    100  1811  35       2-3 
michauxii      100  1737  20       3-5 
muehlenbergii  80  1822 

nigra  ̂ ^  .     ._    80  1723  20       1-2 
mittallii  100  1923  5       3-4 
pahistris    80  1770  20       1-2 

,  pefraea    100  long  40       5-7 
,  phellos    100  1723  20            1 

,  prinus    80  1688  20       2-3 
,  robur       110  long  20       2-4 
rubra            100  1724  25       3-5 
aluvnardii    110  1907  25       2-3 
sieUata       60  1819  25       2-3 

,  Ruber             70  1699  12   2-4 
turbivella     10  3-5 

.  vaccinifolia    4  1895 
,  variabilis  ..    80  1861  2 

.  velutina     90  1905  20       2-3 

.  virginiana    60  1739  1 

.  wislizenii     60  1874  5-7 

Data 
source 

13 

6U 

82 

19,82 

6i 

82 
82 

Ul US 

67 

64,67 
82 

38,82 69 
19,  6J, 
82 

42,64 82 

21,70 

41,82 54,82 15,82 

40,82 

19,64 

76,82 53,82 
67,82 

82,89 
77,82 

9,82 27,82 
66,82 

39,  64 

48,  82 

82 

58 

64 

1,64 

5,82 88,  90 82 

Hand  removal  of  obviously  defective  acoma 
(those  with  small  holes  where  adult  weevils  hav( 
deposited  eggs,  cracked  seedcoats,  mold,  etc.] 
will  improve  the  planting  value  of  an  aeon 
collection.  However,  this  tedious  sorting  maj 
not  be  worth  the  effort  in  large,  bulk  collections 
Abscised  acorns  with  the  cups  attached  art 
usually  defective.  In  one  species  (Q.  falcata  var 
mgodae folia),  color  of  the  cup  scar  is  a  goo( 
inde.x  to  soundness.  Sound  acorns  have  a  light 
almost  lemon  colored  cup  scar.  Defective  acorn 
have  a  dull  brown  cup  scar  (37).  Weevil  larva  ■ 
inside  apparently  sound  acorns  can  be  killed  b; ' 
immersing  the  acorns  in  hot  water  (120°  F.  j 
for  40  minutes,  or  by  fumigating  them  in  a  tigb ; 
container  with  methyl  bromide,  carbon  disulfide, 
or  thiamine  bisulfite  (32,  33,  37,  75).  Tempers- 
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ture  control  is  critical  in  the  hot  water  treat- 

ment, because  a  temperature  of  125°  F.  will  kill the  acorns. 
Acorns  of  most  species  in  the  white  oak  group 

generally  should  not  be  stored,  and  it  is  im- 
practical to  store  acorns  of  black  oaks  for  more 

than  6  months,  or  from  the  time  of  seed  fall  to 
sowing  time  in  the  spring  (22,  28,  82).  This 
short  storage  amounts  to  stratification,  since  the 
acorns  are  stored  under  moist,  cold  conditions. 
For  longer  periods,  dry  storage  in  sealed  con- 

tainers at  32°  to  36°  F.  has  been  used,  but  only 
with  great  loss  of  viability  {22,  31,  82).  The  loss 

in  viability  occurs  because  the  life  processes 
within  acorns  are  critically  dependent  on  ade- 

quate moisture.  For  germination  to  occur,  the 
moisture  content  of  acorns  must  not  drop  below 
30  to  50  percent  for  white  oaks,  and  20  to  30 
percent  for  black  oaks  (31).  Acorns  of  one 
species  in  the  white  oak  group  (Q.  robur  L.) 
were  successfully  stored  in  dry  peat  for  3  years 
{2i). 
Pregermination  treatment. — With  a  few  ex- 

ceptions, acorns  of  the  white  oak  group  have 
little  or  no  dormancy,  and  will  germinate  almost 
immediately  after  falling.  Acorns  of  the  black 

Table  3. — Quercus:  cleaned  seeds  per pound  and  other  yield  data 

Weight  of 
a  bushel 

Seed  yields 
Cleaned  seeds  per  pound  ̂ 

Species 
Per  100 

pounds  of fruit 
Per  bushel 

Data 

of  fruits of  fruit 
Range Average 

Samples 
sources 

Poimds Pounds Pounds Number Number Number 

Q.  acutissima     94-110 102 
200 

2 
1 

13 

Q.  agrifolia   

82 

Q.  alba     ,       75-110 60-90 45-100 70-210 
120 

23 
Jt,  45,  75,  82 

83 
78,82 

Q.  bicolor   60-75 
90-175 120 3 

Q.  cerris      60-145 110 4 62,  72 

Q.  chrysolepis   150 1 82 
Q.  coccinea        80-120 40-50 30-60 105-405 235 4 

4,82 

Q.  douglasii   
45 

47 55-180 
100 

100 
290 

4 
1 
1 41,82 

Q.  dumosa... 

82 

Q.  durandii   4 
Q.  eUipsoidaUs     .  .. 205-290 245 

11 

82 
Q.  falcata 

var.  falcata         44-58 75-86 33-50 320-785 540 9 
3,  45,  78,  82 var.  pagodaefolia 420-745 580 2 
82,83 Q.  garryana   .       -.,..             42 92 

39 

75-100 

85 

3 59 
Q.  ilicifolia   75 

700 
1 16 

Q.  hnbricaria         , 40-55 315-795 415 11 82 
Q.  kelloggii        ..               35 

52-147 95 

49 

41 

Q.  laevis 
390-690 

395 560 1 
3 

82 
Q.  laurifoHa       

2,  78,  83 Q.  lobata 
45 

75-237 130 4 

41,82 
Q.  lyrata 130-154 140 4 78,82,  83 
Q.  macrocarpa        _ 46 65-75 30-35 

40-135 75 8 82 
0.  michauxii     100-125 40-50 40-62 35-195 85 9 

45,82,87 0.  muehlenbergii 47-51 263-520 
395 

4 
4,34,78 Q.  nigra     _„.       44-56 232-700 395 15 3,4,45,78, 
82,  83,  85 

Q.  nuttallii^    

52 

56-143 

95 

11 
3,4,82,83 Q.  palusfris   50-70 320-540 

410 
3 

82 

Q.  petraea 43-62 
46-47 

60-295 

272-695 

170 

462 
9 

14 
56,  82,  89 

Q.phellos   

4,45,82,83 Q.  prinus   .      40-50 55-195 
100 

5 82 
Q.  robur    

90-225 
130 10 82 

Q. rubra            52-130 42-80 22-104 75-256 
125 

33 23,  78,  79, 
82,84 

Q.  shumardii      50 78-128 
100 

3 3,4,45 
0.  stellafa       54 200-635 380 9 

4,6,8,82 Q.  suber    50-100 75 13 

44,46,82 Q.  turbinella    300-350 325 2 65 
0.  vaccinifoUa   

31 
85 26 740-1,320 1,030 2 59 

0.  variabilis 55 
40 41-49 

74-124 

125-400 

104 

245 

12 

7 1,  57 Q.  velufina      ,   „       102-122 

45,82 
0.  virginiana       55 240-510 352 4 

4,82 

Q.  wislizenii 34 82 28 100-152 
125 

3 59,  82 

^  Number  of  seed  per  pound  varies  considerably  with  moisture  content,  which  is  high  for  freshly  collected  acorns, particularly  those  of  the  white  oak  group. 
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oak  group  exhibit  embryo  dormancy,  and  ger- 
minate the  following  spring,  after  fall  sowing. 

Stratification  is  required  before  germination 
testing  or  spring  sowing  of  the  black  oaks.  For 
best  results,  stratification  should  be  in  moist, 
well-drained  sand,  sand  and  peat,  or  similar 
material  for  30  to  90  days  at  a  temperature  of 

32°  to  41°  F.  (28,  32,  82,  86).  Several  of  the 
black  oaks,  notably  Q.  falcata  var.  pagodaefoUa, 
Q.  rubra,  and  Q.  sJmmardii,  begin  germination 
at  stratification  temperature,  if  stratification  is 

continued  for  more  than  30  to  45  days.  Epicotyl 
emergence,  however,  did  not  occur  during  a 

period  of  220  days  at  temperatures  of  33°  to 41°  F.  i71a). 

Germination  tests. — A  wide  variation  in  ger- 
mination exists  between  oak  seed,  particularly 

between  the  white  oak  and  black  oak  groups 
(table  4).  Germination  is  hypogeal  (fig.  3)  and 
is  generally  complete  in  3  to  5  weeks.  Germina- 

tion of  Q.  virginiana  is  peculiar,  in  that  the 
I'adicle,  soon  after  it  appears,  becomes  enlarged 

Table  4. — Quercus:  germination  test  conditions  and  residts 

Cold  Germination  test  conditions 
o        •      1                               strati-    =   7   
Species  '                              fication  Temperature 

period-  Medium  p^y  Night 

Days  °F.  F. 
Q.  acutissima          (W)    
Q.agrifolia              (B)                 0    
Q.alba                      (W)                0  Kimpac    86  68 

Q  bicolor                 (W)                 0  Sand   _  70-95  50-60 
Q.cerris                   (W)                0  Germinator  71  68 
Q.chrijsolepis          (W)          0-60  Peat/loam     _  86  68 
Q.coccmea               (B)         30-60  Kimpac    86  68 
Q.douglasii             (W)                0  Sand    86  68 
Q.dumosa                (W)        30-90  Sand     86  68 
Q.  durandii              (W)                0  Kimpac    86  68 
Q.ellipsoidalis         (B)         60-90  Sand    85  70 
Q.  falcata 

var.  falcata          (B)         30-90  Sand    73-81  73-81 
var.  pagodae- 

foUa                  (B)       60-120  Sand/perlite  86  68 
Q.  garryana            (W)                0  Loam      85  70 
Q.ilicifolia               (B)       60-120  Sand/perlite  86  68 
Q.imbricaria           (B)         30-60  Sand    75  60 
Q.kelloggii               (B)         30-45  Sand    85  70 
Q.laevis                    (B)         60-90  Sand    81  73 
Q.laurifolia             (B)                 0  Soil   

14-90  Sand  81  73 
Q.lyrata                  (W)                0  Sand  70-95  50-60 

42  Sand        81  73 

Q.ynacrocarpa        (W)        30-60  Sand    86  68 
Q.michauxii            (W)                0  Soil    90  70 

30  Soil            90  70 
Q.muehlenbergii    (W)                0  Kimpac  86  68 
Q. nigra                    (B)         30-60  Sand/peat,  86-90  68-70 kimpac. 

Q.nuttallii                (B)         60-90  Soil  90  70 
Q.petraea                (W)                0  Sand  86  68 
Q.phellos                  (B)         30-90  Soil,  kimpac  90  70 

0  Soil        90  70 
Q.priniis                  (W)                 0  Sand         80  65 
Q.robur                   (W)                 0  Sand         ......  77  60 
Q. rubra                    (B)         30-45  Sand  86  68 

70  Sand/peat  68  68 

Q.slmmardii            (B)       60-120  Soil,  kimpac  90  70 
Q.stellata                (W)                0  Sand,  kimpac  86  68 
Q.  suber                   (W)                0  Sand  80  80 
0.  turbinella            (W)  Sand  100  40 
Q.vaccinifoUa         (W)                0  Loam  74  66 
Q.  variabilis             (B)                 0  Sand           .  .  77 
Q.veliitina               (B)         30-60  Sand       80  65 
0. virginiana          (W)                0  Kimpac    86  68 
Q.  wislizenii             (B)         30-60  Sand /peat  86  68 

•  (B) :  the  black  oak  group.  (W) :  the  white  oak  group. 
-  Stratification  was  in  a  moist  medium  at  32°-41°  F. 

Dura- 

tion 

Germinative 
energy 

Germinative capacity 
Data 

.sources Amount Time     Average     Samples 
Days 

15-40 
30-98 

60-240 

30 
56-60 
30-60 

30 
28 
30 

30-60 

Percent 
Days      Percent     Number 

30-40 

90 36-81 30 
30-40 

7 108 

30-90 
160 
128 
40 

50-84 
50 
45 

52-73 

58-87 
30 

45-100 

90 
60 

30-60 
40-60 

20 
29-50 
45-60 
20-30 

180 
28 

30-50 

69 

39-93   10-41 

65-95  80-120 

97 

81 
80-93 

16 

21 
18-26 

98 
73 

50-99 

78-98 33-76 

56-75 
94-99 

70-72 

80-90 
87 

95 

1 
1 

21 
3 
3 
2 
7 
4 
3 
4 
5 

13 
82 

UA5, 82,83 

31,82 
62,72 63,82 

Jf,82 ltl,82 
63,82 
U 

85-90       21-38 29,  82,  83 
63,82 
83 
82 

kl,82 

61 
2 

7,  32,  86 
31,82 32 
82 

45 

4 
54-80       31-73       60-94       12     J>,  1,5,73 

82 

28-85 
23-48 

86 

95 

100 

25-45 
40-60 

22 

86-98 
77-100 

86-94 28-66 

95 

82 
50 

45-92 

84 

82 
45 

49 

98 
98 

11 

4 

12 

2 
1 
2 
1 
6 
1 
4 

11 
2 
1 
4 

30-57       62-74       22-36     75-100         8     31,32,^5     \ 

60-69       20     45, 83 

41 
83 

72-78 

39-85 
80 

53-66 42-93 

38 

55 

92 

55 
47 
40 

13-42 
10 

21-28 
10-45 

30 

28 

65-74 
67 

89 

82 

81 
58 

100 

72-82 
54-98 

73-100 
95 
43 

47 

97 

75 

7 
4 
1 
3 
4 

11 
1 
3 
7 
5 
2 
1 
2 
5 
4 
1 

56,  89 

45,83 

45 

82 
82 

31,81,82 

71a 

4,45 4,6,82 
45,82 

12 
59 
1 
82 
4 
63 
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just  below  the  surface  of  the  ground  because  of 
the  transfer  of  food  from  the  cotyledons  (82). 
Rapid  tests  of  germination  can  be  run  by  re- 

moving the  pericarp  of  the  acorns  and  placing 
them  on  moist  blotter  paper. 

Nursery  practice. — Fall  seeding  of  oaks  is 
preferable  to  spring  seeding  (IJt,  52,  71).  The 
white  oaks  germinate  immediately  after  fall 
sowing,  and  the  black  oaks  undergo  natural 
stratification  when  fall  sown,  and  germinate 
promptly  in  the  spring.  If  spring  sowing  of 
black  oaks  must  be  done,  the  acorns  should  be 
placed  in  moist,  cold  stratification  as  a  pretreat- 
ment.  Acorns  may  be  drilled  in  rows  8  to  12 
inches  apart,  or  broadcast  and  covered  with  l^ 
to  1  inch  of  firmed  soil.  Seedbed  densities  of  10 
to  35  seedlings  per  square  foot  are  recommended 
{68,  7U,  82,  86).  Fall  beds  should  be  mulched 
with  leaves  or  straw  that  is  held  in  place  by 
hardware  cloth  covers  or  other  effective  ma- 

terials. The  covering  also  serves  as  a  protection 
against  rodents.  In  the  spring,  after  frost 
danger  is  past,  the  mulch  should  be  removed. 

Partial  shade  is  beneficial  for  good  germination 
(26).  It  is  usually  not  necessary  to  produce 
seedlings  older  than  1-0  for  field  planting,  but 
2-0  seedlings  are  planted  occasionally  to  obtain 
larger,  vigorous  stock  with  a  more  extensive 
root  system  (71,80). 
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RHAMNUS 

Rhamnaceae — Buckthorn  family 

RHAMNUS  L.  Buckthorn 

by  Richard  L.  Hubbard  ^ 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Rhamnus  consists  of  about  100  species  and 

many  varieties.  The  genus  is  chiefly  native  to 
the  temperate  and  warm  regions  of  the  North- 

ern Hemisphere  (7,  18),  but  a  few  species  are 
found  in  Brazil  and  South  Africa  {16,  2U). 
Buckthorns  are  deciduous  or  evergreen  shrubs 
or  small  trees  which  have  value  for  wildlife  food 
and  cover,  watershed  protection,  hedges  and 
shelterbelts,  and  environmental  forestry.  Some 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

species  have  been  cultivated  for  many  years  as 
ornamentals.  Buckthorns  have  been  used  as  a 
source  for  dyes,  drugs,  and  even  charcoal  for  the 
manufacture  of  gunpowder.  Eight  species  or 
varieties  of  Rha^nnus  and  their  present  or  po- 

tential use  for  planting  are  listed  in  table  1. 
Flowering  and  fruiting. — Buckthorn  flowers 

are  either  bisexual  or  with  either  stamens  or 
pistils,  and  are  borne  in  small  axillary  clusters, 
with  four  or  five  sepals,  united  at  the  base  with 
a  cupshaped  receptacle  forming  a  receptocalyx, 
the  upper  part  falling  after  maturity,  the  lower 
part  remaining  around   the  developing  fruit. 

Table  1. — Rhamnus:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms Common  names Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

R.  alnif alius  L'Her...       alder  buckthorn 

R.  calif  arnica  Eschsch. California  buckthorn, 
coast  coffeeberry. 

R.  cathartica  L.          European  buckthorn, 
common  buckthorn, 
Hart's  thorn, 
waythorn 
rhineberry. 

R.  crocen  Nutt     redberrv  buckthorn 

R.  crocea  var.  ilicifolia 
(Kellogg)  Greene. 

hollyleaf  buckthorn, 
coffeeberry, 
hollyleaf, 
redberry. 

R.  davurica  Pall          Dahurian  buckthorn 
R.  cathartica  var.  davurica 

Maxim. 
R.  mandshurica  Hort. 

R.  frangula  L.              glossy  buckthorn, 
alder  buckthorn. 

R.  pitrshiann  DC   
R.  anonaefolia  Greene. 

cascara  buckthorn. 
cascara  sagrada, 
cascara, 
bearberry, 
coffee-tree. 

Transcontinental  in  southern        E,  W. 
Canada  and  northern 
United  States. 

California  Coast  Range  north 
to  southern  Oregon,  east  to 
Arizona,  and  south  to  lower 
California. 

Europe  and  northern  and 
western  Asia.  Naturalized 
in  the  eastern  United  States. 

California  on  dry  lower  slopes 
of  the  Coast  Ranges  and  in 
lower  California. 

California  in  Coast  Range  and 
foothills  of  the  Sierra 
Nevada. 

Siberia  to  north  China, 
Manchuria,  and  Korea. 

F.  L.  Pogge, 

J.  D.  Gill. 

H,  W,  E     R.  Hubbard. 

H,S,  E      P.O.Rudolph. 

H,W,  E 

H,W,  E 

H,W,  S.and hedges. 

H,  E. Europe,  western  Asia,  north- 
ern Africa.  Naturalized  in 

northeastern  United  States 
and  Illinois. 

British  Columbia,  east  to  H,  W,  E 
western  Montana  and  south 
to  central  California. 

R.  L.  Hubbard. 

Do. 

P.  0.  Rudolf. 

Do. 

P.  F.  Stickney. 

E:  environmental  forestry,  H:  habitat  or  food  for  wildlife,  S:  shelterbelt,  W:  watershed. 
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Figure    1. — Rhamnus    purshiana,    cascara    buckthorn: 
fruit,  4  X. 

Four  or  five  very  small  petals — sometimes 
none — are  inserted  on  the  margin  of  a  disk 
lining  the  receptocalyx.  Four  or  five  stamens  and 
one  pistil  are  attached  to  the  receptocalyx  at  the 
very  base.  The  ovary  is  3-  or  4-celled.  Buckthorn 
flowers  in  the  spring  and  fruit  ripens  in  the  fall 
(table  2)  {20,  31).  The  buckthorn  fruit  has  been 
described  as  a  berrylike  drupe  (fig.  1)  contain- 

ing two  to  four  nutlike  seeds  {18).  Rhamnus 
calif  arnica  and  R.  fra)i(inla  have  two  seeds  per 
fruit ;  R.  alnifolia,  three  seeds,  R.  piirshiana  two 
to  three  seeds    (29).   Typical  seeds  are  small, 

Figure  3. — Rhamnus  cathartica,  European  buckthorn: 
A,  longitudinal  section  through  one  seed,  5  X  ;  and  B, 
transverse  section  through  the  four  seeds  of  a  fruit 
showing-  the  investing  type  of  cotyledons,  3.3  X . 

roundish,  with  a  flat  side  marked  by  a  slight 
central  rib,  and  a  rounded  side  with  a  small 
terminal  knob  (probably  the  hilum)  (figs.  2,  3, 
and  4).  /?.  purshiana  begins  to  reproduce  fruit 
when  it  is  5  to  7  years  old ;  comparable  informa- 

tion for  other  species  is  lacking.  Good  seed  crops 
of  R.  davurica  are  common;  in  R.  cathartica,  R. 
franqula,  and  R.  purshiana  good  seed  crops  are 
borne  almost  annuaMy  with  light  seed  crops  in 

intervening  years  (table  3)  {21,  20).  Compar- 
able information  for  the  other  species  is  lacking. 

Collection,  extraction,  and  storage. — Collec- 
tors should  pick  the  fruit  from  the  bushes  when 

it  ripens  in  the  late  summer  or  fall   {20,  27). 

m^- 

R.  alnifolia 
alder  buckthorn 

R.  davurica 
Dahurian  buckthorn 

R.   frangula 

glossy  buckthorn 

R.  californica 
California  buckthorn 

R.  purshiana cascara  buckthorn 

Figure  2. — Rhamnus:  seeds,  4  X. 
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Picking  should  be  done  about  2  weeks  before  the 
fruit  is  fully  ripe  {9,  29).  Harvesting  should  not 
be  delayed  much  after  ripening  because  birds 
relish  the  fruit.  Fruits  can  be  allowed  to  decay 
for  a  few  days  to  soften  the  pericarp.  But 
usually  fruits  are  run  through  a  macerator  with 
water  soon  after  collecting  and  the  pulp  floated 
and  skimmed  off  {13,  H,  17).  The  average  num- 

ber of  clean  seeds  per  pound  ranges  from  4,000 
for  R.  calif  or  nica  to  71,000  for  R.  crocea  var. 
ilicifolia  (table  4). 

Adequate  seed  storage  guidelines  have  not 
been  developed  for  the  buckthorns,  but  it  ap- 

pears that  seeds  can  be  stored  adequately  for 
several  years  if  they  are  kept  in  sealed  con- 

tainers at  temperatures  low  as  41°  F.  (21,29). 
Pregermination  treatment.  —  Considerable 

variability  seems  to  exist  in  the  need  for  pre- 
germination treatments  of  buckthorn  seed,  both 

between  species  and  within  some  species.  Fresh 
seed  of  R.  alnifolia,  R.  calif oinica,  and  R.  crocea 
var.  ilicifolia  apparently  require  no  pregermi- 

Table  2. — Rhamnus:    phenology  of  fioivering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 
dates 

Data 

R.  alnifolius    West  Virginia,  western  Pennsylvania      May-June     Aug    1 
  do      Sept.-Oct    12,24,30 

R.  calif ornica      Orange  to  Humboldt  Co.,  California    April-June      July-Nov.    18, 19 
R.  cathartica  ^^       Northeastern  United  States       do    Sept.-Oct    24 
R.  crocea    Feb.-May    June-Sept.     IS,  19 
R.  crocea  var.  ilicifolia                Feb.-April       do    18, 19 
R.daviirica    Northeastern  United  States,  Great  Plains    May-June  Sept.-Oct    24. 

Aug-Sept    5 
R.  frangula    Northeastern  United  States       do      July-Oct.    24,32, 
R.purshiana     „     California  _  .     April-July         July-Sept.    29 

Table  3. — RhanDius:  height,  year  of  first  cultivation ,  a)id  fruit  ripeness  criteria 

Species Growth  habit 
Height 

at maturity 

R.  alnifolius    Deciduous  shrub 
R.  calif  ornica      Evergreen  shrub 
R.  cathartica     _       Deciduous  shrub 

or  tree. 
R.  crocea         Evergreen  shrub     . 
R.  crocea  vav.  ilicifolia    do  _        
R.  davurica    Deciduous  shrub  or 

small  tree. 
R.  frangula           „do       

R.  purshiana    Deciduous  tree 
or  shrub. 

^  Has  been  cultivated  for  many  years. 

Feet 

0.5-3 4  to  6 
20 

2-3 3-15 

20-30 
7-20 

3-30 

Year  of 
first 

culti- 
vation 

Data 

source 
Color  of 

ripe  fruit 

1778 
1871 
C) 

1848 

1817 

C) 
1870 

Data 

source 

24  Black    8 
18    do          18 
21                  do    18 

24  Bright  red    18 
24                 do-  ̂      18 
24  Black-      29 

21 ,  24  Dark  purple —  29 

11,26  Purplish  black  11 

Table  4. — Rhamnus:  cleaned  seed  per  pound  and  other  yield  data 

Species 

Yield  of 
seed  per 

100  pounds 
of  fruit 

Cleaned  seed  per  pound 

Range Average 
Samples 

Data 

source 

Pounds 
R.  alnifolia           
R.  californica       
R.  cathartica           20 
R.  crocea       
R.  crocea  var.  ilicifolia^  .  _._ 
R.daviirica  _   __            22 
R.  frangula.              9 
R.  purshiana               20 

Number 

62,000-69,000 

13,000-28,400 

18,000-39,000 
25,000-32,000 
5,000-19,000 

Number 

65,500 

4,000 
19,100 

70,000 
71,000 

27,000 
27,000 
12,300 

Number 
2 29 
1 19 
6 

9,29 

19 

19 
3 29 

10-^ 

21,28 

5  + 

14,  28, 
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endosperm 

cotyledons 

hypocotyl 

radicle 

Figure  4. — Rhanmus  calif ornica,  California  buckthorn: 
longitudinal  section  through  a  seed,  10  X. 

nation  treatment.  Stored  seed  of  these  species 
and  other  species  require  cold  stratification 
(table  5)  to  break  embryo  dormancy  (4,  6,  9, 
19,  23,  25).  R.  davurica,  R.  frangula,  and  per- 

haps other  species  have  seedcoat  dormancy  as 
well  as  embryo  dormancy,  requiring  scarifica- 

tion or  sulfuric  acid  treatment.  Clean  seeds  of 
R.  frangula  have  been  treated  with  H-SOi  for 
20  minutes  to  break  dormancy  (10).  The 
sulfuric  acid  treatment  should  be  done  carefully 
because  soaking  R.  cathartica  seed  in  concen- 

FiGURE  5. — Rhamnus  cathartica,  European  buckthorn: 
seedling  development  at  1,  4,  19,  and  28  days  after 
germination. 

trated  H:;SOt  for  20  minutes  was  found  to  be 
definitely  harmful. 

Nursery  and  field  practice. — Detailed  nursery 
techniques  have  not  been  developed  for  most 
buckthorn  species.  The  available  information 
suggests  that  for  most  of  the  species,  the  seeds 
should  be  sown  in  the  spring  at  a  depth  of  ̂ 4, 
to  1  o  inch  after  they  have  been  treated  to  break 
dormancy.  Sowing  depth  of  1  inch  and  shading 
of  the  seedbed  is  recommended  for  R.  jmrshiana 
(5,  29).  Fall  sowing  of  untreated  seed  also  has 
been  successful  (2,  3,  10,  15,  21,  29).  Germina- 

Table  5. — Rhamnus:    stratification  periods,  germiuatioii   test  conditiotis  and   results 

Cold Germination  test  conditions  - Germinative Germinative 
strati- fication 

period  ' 

^ 

energy 

Capacity 

Average   Samples 

Data 
source Species Temperature 

Dura- 
tion 

Day 

Night Amount Period 

Days 

°F. 

'F. 

Days Percent 
Days 

Percent Number 
R.  alnifolia   

60  + 
50 

15 

63 3 

29 

R.  calif  ornica 0 

30 

1 29 
R.  cathartica  ^  . 0 86 

68 
60 28 

-84 

18-41 

54 

5 29 15 
86 68 30-60 90 2 

10 

R.  crocea    112 

76 

60 1 19 
R.  crocea  var. 90 98 73 19,23 

ilicifolia. 
R.  davurica   90 

85 

70 
60 40 1 29 

R.  frangula   60 86 
68 

60 

55 

14 

60 

o 10,29 
0 86 68 

60 

5 1 29 
R.  purshiana  \ _        84 70 185 2 42 

24 

4 OO 

90 
72 60 

24 30 

28 

4 Ts 

\  Temperatures  were  34°  to  41°  F. 
"  The  medium  for  most  of  the  tests  was  sand  or  moist  paper. 
'  Data  are  for  samples  containing  100  percent  sound  seed. 
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tion  is  epigeal  (fig.  5).  Although  buckthorns  are 
usually  propagated  by  seed,  they  can  also  be 
propagated  by  layers  and  some  of  the  rarer 
species  by  cuttings  (sometimes  used  for  R. 
purshia7ia)  or  by  grafting  (such  as  used  for 
some  forms  of  R.  fraugula)  {29). 

Some  species  of  buckthorn,  especially  those 
originating  in  Europe,  are  alternate  hosts  for 
the  oat  rust,  Puccinia  coronata.  Because  of  this, 
buckthorns  and  oats  should  not  be  planted  in  the 
same  vicinity. 
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Ericaceae — Heath  family 

RHODODENDRON  L.  Rhododendron 

by  David  F.  Olson,  Jr.i 

Growth    habit,    occurrence,    and    use. — The 
rhododendrons  comprise  over  600  species  of 
evergreen  and  deciduous  shrubs  or  small  trees. 
Many  of  them  are  cultivated  for  their  beautiful 
flowers,  and  the  evergreen  species  for  their 
foliage  (H).  Four  species  are  included  here 
(table  1).  Of  these  species,  only  one,  R.  nudi- 
florum,  is  deciduous;  the  other  three  are  ever- 

green. Rosebay  rhododendron  (R.  maximum)  is 

'  Southeastern  Forest  Exp.  Stn. 

the  most  important  of  the  species  in  terms  of 
area  covered  and  variety  of  uses.  Rosebay  rho- 

dodendron affords  protection  to  steep  water- 
sheds and  provides  shelter  and  food  for  wildlife. 

The  wood  of  rosebay  rhododendron  is  occasion- 
ally used  for  wood  products. 

Flowering  and  fruiting. — The  perfect  showy 
flowers  of  rhododendron  appear  from  March  to 
August  (table  2).  Flower  colors  vary  widely, 
with  white,  pink,  and  purple  predominating.  The 
flowers  are  pollinated  by  insects  {26). 

Table  1. — Rhododendron:  nomenclature,  occtirrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Common  names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

R.  cataivhiense  Michx.    
Hymenanthes  cafawbiense 

(Michx.)  Copeland  F. 

catawba  rhododendron, 
mountain  rosebay, 

purple  laurel. 

West  Virginia  to  Georgia 
and  Alabama  (mountains 
and  upper  Piedmont  (27). 

H,W,E 
R.  L.  Barnes. 

R.  niacrophylliim  D.  Don.. 
R.  californiciim  Hook. 

Pacific  rhododendron, 
coast  rhododendron, 
California  rosebay. 

Pacific  coast  from  British 

Columbia  through  Wash- 
ington and  into  Cascades, 

through  Oregon  to  Mon- 
terey Co.,  California  {12). 

W,  E R.  Stewart. 

R.  niaxhiiuiii  L     
Hymenanthes  maxima  \j. 

Copeland. 

rosebay  rhododendron, 
great  laurel,  great 
rhododendron. 

Nova  Scotia  to  Georgia  and 
Alabama  (mountains  and 
upper  Piedmont)  ;  west  to 

T.  H,W.  E F.  L.  Pogge  and 
J.  D.  Gill. 

R.  midifloritm  (L.)  Torr. 
Azalea  nudifloria  L. 
Azalea  liitea  L. 
Azalea  periclymenoides 

Michx. 

Pinxterbloom  azalea, 
purple  honeysuckle, 
election-pink. 

Ohio,  north  to  southern 
Ontario.  Rare  in  Coastal 
Plain  and  lower  Piedmont, 
Virginia  northward  (2,  6, 10). 

Massachusetts  to  southern 

Ontario,  south  to  Ten- 
nessee and  South 

Carolina  (6). 

E         F.  L.  Pogge  and 
J.  D.  Gill. 

T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 

Table  2. — Rhododendron:    phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

R.  cataivhiense   
R.  macrophyllum  _   ... 
R.  maximum       

...   N.C.;  S.C   
Brandon,  Ore. 

N.a"  r  ̂r  r  ̂;! . 

Apr.-June 
.   .  Apr.-May 
..     May-July       

June-Aug.    
.  .  Mar.-May      

July-Oct   
Aug. -Sept.   

Sept.-Oct   
Oct.          
Late  summer 

Fall   
.  Late  summer-fall 
.   Oct.-Nov. 
_    Nov   

Fall   

.  18 

15 
5,  6,  21 23 

R.nudiflorum 
1,6,19 
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The  fruit  is  an  oblong  capsule  (fig.  1)  that 
ripens  in  the  fall  (table  2).  It  splits  along  the 
sides  soon  after  ripening  and  releases  minute 
seeds  (figs.  2  and  3).  Rosebay  rhododendron 
capsules  contain  about  400  sound  seeds  per 
capsule  {2Jf). 

--*'*IK1 'm 

R.  catawbiense 
catawba  rhododendron 

Figure  2. — Rhododendron  macrophyllurn.  Pacific  rhodo- 
dendron: seeds,  20  x  ;  A,  external  view;  B,  longitu- 

dinal section;  C,  transverse  section. 

R.  macrophyllum 
Pacific  rhododendron 

R.  maximum 
rosebay  rhododendron 

Figure  1. — Rhododendron:  capsules  with  styles  removed, 
3  X. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Collection  should  begin  as  soon  as  cap- 

sules start  to  lose  their  green  color  and  turn 
brown  (^)  and  should  be  completed  before  they 
open  (table  3).  The  fruits  can  be  spread  out  in 
thin  layers  to  air-dry  (29),  or  they  can  be  oven- 
dried  12  to  24  hours  at  95°  F.  {23).  After  dry- 

ing, the  capsules  can  be  rubbed,  beaten,  or 
crushed,  and  the  seed  shaken  out  and  screened 
{7 ,  13, 16).  Seed  from  these  wild  species  are  not 
commonly  sold  by  commercial  dealers.  Seed 
from  cultivated  hybrids  are  usually  sold  in  small 
packets. 

The  seeds  of  Rhododendron  are  minute  and 
few  determinations  of  number  of  seeds  per 
pound  have  been  reported.  Estimated  number  of 
cleaned  seeds  per  pound  ranges  from  2,000,000 
to  5,700.000  for  the  species  of  Rhododendron 
included  here  {3,  28,  29).  Small  differences  in 
moisture  content  and  purity  can  cause  wide 
variability  in  estimates  of  yield  for  these  tiny 
seeds.  For  this  reason,  it  is  preferable  to  use  an 
average  of  5,000,000  seeds  per  pound  for  R. 
catawbiense,  R.  maximum,  and  R.  nudifiorum. 
Seeds  of  R.  macrophyllum,  however,  are  larger, 
averaging  2,000,000  per  pound  {29). 

Seeds  with  a  moisture  content  of  4  to  9  per- 
cent will  remain  viable  about  2  years  at  room 

temperature  (4,  9,  23).  Seeds  have  been  success- 
fully stored  air-dry  at  20°  to  40°  F.  in  sealed 

glass  bottles  and  in  sealed  polyethylene  bags 

(7, 15,  23).  A  storage  temperature  of  20°  F.  was 
best  with  90  percent  of  the  seeds  germinating 
after  30  months  {23). 

Germination  tests. — Germination  must  be 
carried  out  under  light.  A  light  intensity  of  12 
foot-candles  is  sufficient  for  rosebay  rhododen- 

dron {2Jt).  Seeds  will  germinate  completely  with 
no  pretreatment  (<*?,  11)  (table  4).  Germination 
is  epigeal  (fig.  4). 

Nursery  practice. — The  seed  are  germinated 
in  flats  of  sandy  peat  or  sand  and  half-decayed 
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-1.5mm 

Figure  4. — Rhododendron  macrophyllmn,  Pacific  rhodo- 
dendron: seedling  development  at  1,  9,  40,  and  60  days 

after  germination. 

Figure  3. — Rhododendron  maximum,  rosebay  rhododen- 
dron: longitudinal  section  through  a  seed,  70   X. 

oak  leaves  covered  with  shredded  or  sifted 
sphagnum  (2,  i,  13, 17,  20,  25,  29,  30).  The  seed 
are  sown  on  the  surface  and  covered  lightly  with 
pulverized  sphagnum.  Sowings  can  be  made  in 
a  cool  greenhouse  (45"  to  50'  F. )  during  winter, 
or  about  April  in  a  coldframe  {2,  29).  Some 
growers  recommend  covering  the  flats  with 
glass  or  plastic,  and  maintaining  the  tempera- 

ture at  60"  to  65°  F.  (4,  13).  The  tiny  plants 
should  be  transplanted  to  seedling  flats  as  soon 

Table  3. — Rhododendron:  height,  seed  crop  frequency,  and  color  of  ripe  fruit 

Height 
Species  at 

maturity 

Feet 

R.  catawbiense      _...       6-20 
R.  macrophyllum    3-20 
R.  maxivium    6-40 
R.  midiflorum       .  3-10 

'  Plants  begin  to  bear  seeds  at  an  age  of  5  years  (15) 

Year  of first 

culti- 
vation 

Interval  between 
large  seed  crops 

Color  of 

ripe  fruit 

Data 

sources 

Years 
1809 

rusty  pubescent 
2,6 1850 

^1 

rusty  pubescent 15,29 
1736 1-2 brown 19,21t 
1730 

..   10 

Table  4. — Rhododeiidro)i:  germination  test  conditions  and  results  for  seed  under  light 

Species 
Seed 

source 

Germination  test  conditions 

Medium Temperature 

Day 

Night 

Dura- 

tion 
Germinative 

energy 

Time 

Germinative 
  capacity   
Average     Samples 

Data 

source 

°F.  "F.  Days  Percent  Days  Percent  Number 

R.  catawbiense         N.C.         -  Sand/perlite_      72-86  68-72  41  ,  92  16  28 
R.  macrophyllum         ,    Sand                           86  68  90  12-26  18-57  27-90  3  29 

Ore    Peat/sand            77-86  50-68  88-90  2-23  32-53  3-27  3  22 
R.  maximum    N.C.             Sand/perllte        72-86  68-72  41  70-72  30  78-81  8  23 
R.nudiflorum    N.C.          _  Sand/perlite              86  68  34  70  23  78  4  28 
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as  they  are  large  enougVi  to  handle,  and  carried 
through  the  first  year  in  outdoor  pits  or  cold- 
frames  under  shade  {17,  29).  The  following 
spring  the  plants  can  be  moved  to  nursery  beds 
to  grow  one  or  two  more  years  before  planting 
in  permanent  locations.  Partial  shade  in  the 
nursery  is  desirable.  Plants  can  be  raised  suc- 

cessfully by  careful  handling  of  the  tender  and 
delicate  young  seedlings;  by  using  an  acid  soil 
with  a  high  content  of  organic  matter,  porous 
and  well-drained  in  the  root  zone ;  and  by  main- 

taining ample  moisture  at  all  times. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Amnions,  N. 
1950.  Shrubs  of  West  Virginia.  W.  Va.  Bull 

50,  no.  12-4,  127  p. 
(2)  Bailey,  L.  H. 

1939.  The  standard  cyclopedia  of  horticulture. 
.3  vols.,  3,639  p.  The  Macmillan  Co.,  New 
York. 

(3)  Barnes,  R.  L. 
Data  filed  1968.  Duke  Univ.  Sch.  For.,  Dur- 

ham, N.C. 
(4)  Bowers,  C.  G. 

1960.  Rhododendrons  and  azaleas.  Ed.  2,  525 
p.    The  Macmillan  Co.,  New  York. 

(5)  Brooks,  A.  B. 
1920.  West  Virginia  trees.  W.  Va.  Agric. 

Exp.  Stn.  Bull.  175,  242  p. 
(6)  Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632 
p.    American  Book  Co.,  New  York. 

(7)  Fillmore,  R.  H. 
1949.  Growing  rhododendrons  from  seed. 

Arnoldia  9(10)  :   45-51. 
(8)  Fordham,  A.  J. 

1960.  Propagation  of  woody  plants  by  seed. 
Arnoldia  20:  33-40. 

(9)  Galle,  F.  C. 
Data  filed  1968.  Callaway  Gardens.  Pine 

Mountain,  Ga. 
(10)  Gleason,  H.  A. 

1963.  The  new  Britton  and  Brown  illustrated 
flora  of  the  Northeastern  United  States  and 
adjacent  Canada.  3  vols.  Hafner  Publ.  Co., 
New  York. 

(11)  Heit,  C.  E. 

1968.  Thirtv-five  years'  testing  of  tree  and 
shrub  seed.   J.  For.  m:  632-634. 

(12)  Hitchcock,  C.  L.,  Cronquist,  A.,  Owenby,  M.,  and 
Thompson,  J.  W. 

1959.  Vascular  plants  of  the  Pacific  North- 
west. Part  4 :  Ericaceae  through  Campa- 

nulaceae,  510  p.  Univ.  of  Wash.  Press, 
Seattle. 

(13) 

(14) 

(15) 
(16) 

(17) 

(18) 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

(26) 

(27) 

(28) 

(29) 

(30) 

Laurie,  A.,  and  Chadwick,  L.  C. 
1931.    The  modern  nursery — a  guide  to  plant 

propagation,  culture,  and  handling.  494  p. 
The  Macmillan  Co.,  New  York. 

Leach,  D.  G. 

1961.     Rhododendrons   of   the   world.     544    p. 
Charles  Scribner  and  Sons,  New  York. 

Magness,  W. 
Data  filed  1970.    Brandon,  Oreg. 

Mahlstede,  J.  P.,  and  Maber,  E.  S. 
1957.    Plant  propagation.    413  p.    John  Wiley 

and  Sons,  New  York. 
Morrison,  B.  Y. 

1929.    Azaleas  and  rhododendrons  from  seed. 
U.S.  Dep.  Agric.  Circ.  68,  8  p. 

Radford,  A.  E.,  Ahles,  H.  E.,  and  Bell,  C.  R. 
1964.   Guide  to  the  vascular  flora  of  the  Caro- 

linas.     383   p.     The    Book    Exchange,    Univ. 
North  Carolina,  Chapel  Hill. 

Rehder,  A. 
1940.    Manual  of  cultivated  trees  and  shrubs. 

Ed.  2,  996  p.  The  Macmillan  Co.,  New  York. 
Ricker,  P.  L. 

1961.    The  seeds  of  wild   flowers.    In   Seeds. 

U.S.  Dep.  Agric.  Yearb.  Agric,  p.  288-294. 
Robinson,  F.  B. 

1960.     Useful    trees   and    shrubs.     427    cards. 
Champaign,  111.    The  Garrard   Press  Publ. 
[A  card  file  of  data  on  hardy  woody  plants 
in  common  use  as  ornamentals.] 

Roe,  E.  L 
Data  filed,  n.d.    USDA  Forest  Service,  North 

Cent.  Forest  Exp.  Stn.,  St.  Paul,  Minn. 
Romancier,  R.  M. 

Data  filed  1968.   USDA  Forest  Service,  South- 
east.  Forest  Exp.  Stn.,  Asheville,  N.C. 

1970.  Ecology  of  the  seedling  establishment 
of  Rhododendron  maxinnim  L.  in  the  South- 

ern Appalachians.  PhD  diss.,  189  p.  Duke 
Univ.  Grad.  Sch.  Arts  and  Sci.,  Durham, N.C. 

Skinner,  H.  T. 
1949.      Propagation     of     rhododendrons     and 

azaleas.    Plants  and  Card.  5:  13-17. 

1954.  Fundamentals   of   azalea    propagation. 
Proc.  Plant  Propag.  Soc.  4:  129-136. 

Small,  J.  K. 
1933.    Manual  of  the  southeastern  flora.  Publ. 

by  the  author.     New  York. 
USDA  Forest  Service. 

Data  filed  1966  and  1968.    Eastern  Tree  Seed 
Lab.,  Macon,  Ga. 

1948.    Woody-plant  seed  manual.    U.S.   Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

Wells,  J.  S. 
1955.  Plant    propagation    practices.     344    p. 

The  Macmillan  Co.,  New  York. 

712 



RHODOTYPOS 

Rosaceae — Rose  family 

RHODOTYPOS  SCANDENS  (Thunb.)  Mak. 

by  Paul  0.  Rudolfs 

Black  jetbead 

Synonym. — R.  kerrioides  Sieb.  and  Zucc. 
Growth  habit,  occurrence,  and  use. — Native 

to  Japan  and  central  China,  blacl<:  jetbead  is 
an  upright,  spreading,  deciduous  shrub  usually 
3  to  7  feet  tall  (reaches  18  feet  in  Japan).  It 
was  introduced  into  cultivation  chiefly  for 
ornamental  purposes  in  1966   {3,  U)   but  may 

cover, 
in  the 

white, 

bloom 

also  be  of  value  for  wildlife  food  and 
This  shrub  represents  the  only  species 
genus. 

Flowering  and  fruiting. — The  showy, 
perfect  flowers  (1  to  2  inches  across) 
from  April  to  June  (5,  h).  Black  jetbead  fruits 
are  shiny,  black,  dry  drupes,  obliquely  ellipsoid 
in  shape.  They  ripen  in  October  or  November 
and  persist  on  the  plant  well  into  the  winter; 
each  contains  one  small  stubby  ellipsoidal  stone 
(seed)  about  i/t  inch  (6  mm.)  long,  dull  tan  in 
color,  and  characteristically  sculptured  in  the 
manner  of  leaf  venation  with  the  "midrib"  ex- 

tending around  the  longest  periphery  (fig.  1) 
(-4,5). 

Collection  of  fruits,  and  extraction  and  stor- 
age of  seeds. — The  fruits  can  be  collected  from 

the  bushes  by  hand  or  flailed  onto  canvas  from 
October  to  midwinter  (7).  Extraction  of  stones 
from  the  fruits  may  not  be  necessary.  In  one 
sample,  the  number  of  cleaned  seed  per  pound 
was  5,210 ;  purity  was  89  percent  and  soundness 
86  percent  {6).  Seed  of  this  species  can  be 
stored  air-dry  in  open  containers  at  34'  to  50° 
F.  up  to  9  months  without  loss  of  viability. 
Storage  in  sealed  containers  and  in  a  vacuum  at 
various  humidities  did  not  improve  results  {2). 

Pregermination  treatments. — The  seeds  ex- 
hibit dormancy  that  can  be  overcome  by  strat- 

ification in  moist  peat  for  30  days  at  IT'  to  86° 
F.,  followed  by  90  days  stratification  at  41°  F. 
(i,  2).  Partially  afterripened  seeds  subjected  to 
high  temperature  go  into  secondary  dormancy 
(2). 

Germination  tests. — Germination  tests  can  be 

made  in  sand  flats  at  temperatures  of  68°  F. 
(night)  and  86°  F.  (day)  for  90  days.  In  three 
tests,  stratified  seed  gave  germination  of  81  per- 

cent (range  72  to  86  percent)  whereas  untreated 
seed  germination  was  only  16  percent  {2,  6). 

Nursery  practice. — Seed  should  be  sown  in  the 
fall  in  mulched  or  board-covered  cold  frames.  A 
sowing  depth  of  Vo  inch  is  suggested.  Some 
germination  will  take  place  the  second  year  (2). 
Presumably,  stratified  seed  could  be  sown  in  the 
spring.  In  one  planting,  slightly  green  seed  col- 

lected in  August  and  sown  immediately  gave 
100-percent  germination  the  next  spring  (5). 

endocarp 

seedcoat 

cotyledons 

endosperm 

hypocoty I 
radicle 

'  North  Central  Forest  Exp.  Stn. 

Figure  1. — Rhodotypos  scandens,  black  jetbead:  A, 
fruit;  B,  stone;  C,  longitudinal  section  through  a stone,  6  X. 
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Anacardiaceae— Cashew  family 

RHUS 

RHUS  L,  Sumac 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence,  and  use. — The  su- 
macs include  about  150  species  of  shrubs  or  trees 

of  the  temperate  and  subtropical  regions,  but 
only  eight  native  species  are  considered  useful 
for  conservation  planting  in  this  country  (table 

1).  Their  handsome  foliage  often  assumes  bril- 
liant colors  in  the  fall  and  the  showy  red  fruits 

give  the  sumacs  decided  ornamental  value.  Be- 

■  North  Central  Forest  Exp.  Stn. 

cause  of  their  suckering  habit,  edible  fruit,  and 
browse  value,  many  sumac  species  are  valuable 
for  erosion  control  and  wildlife  habitat. 

Flowering  and  fruiting. — The  small,  rather 
inconspicuous  sumac  flowers  are  dioecious  or 

polygamous  and  are  borne  in  terminal  or  axil- 
lary clusters  in  the  spring  (table  2).  The  fruit 

is  a  small,  smooth  or  hairy  drupe  with  a  single 
bony  nutlet  without  endosperm  (figs.  1,  2,  and 
3).  In  most  species,  the  fruits  form  a  dense 
cluster  and  ripen  in  the  fall ;  many  remain  on 

Table  1. — Rhus:  nomenclature,  occurrence,  mid  uses;  data  compilers 

Scientific  names  Common  Of-p.irrpnfP  TT<;p«  '  ^^^^  compilers 
and  synonyms  names  ucLurrence  ubeb  for  the  species 

R.  aromatica  Ait.      fragrant  sumac,  Quebec  and  Vermont  to  H,  E  .        Howard  M.  Phipps. 
R.  canadensis  Marshall  lemon  sumac,  Kansas,  south  to  eastern 
Schuialtzia  aroma t tea  aromatic  sumac.  Texas  and  east  to 
Desv.  Florida. 

R,  copalinn  L.           shining  sumac.  Southwestern  Maine  to  H,  E    Do. 

Schnialtzia  co-palimt  flameleaf  sumac,         eastern  Kansas,  south  to 
(L.)  Small  dwarf  sumac,  Oklahoma  and  Texas, 

winged  sumac.  east  to  Georgia. 
R.  glabra  L      smooth  sumac,  Maine  and  Quebec  west  to        H,  W,  S,  E  Do. 

scarlet  sumac.  British  Columbia,  south 
to  northern  Mexico.  All 
of  United  States  except 
southwest  desert  areas. 

R.  integrifolia  (Nutt.)  lemonade  sumac.         Pacific  coast  region  of  H,  W,  E  Richard  L.  Hubbard. 
Benth.  Hook,  f .  .       _  mahogany  sumac,       southern  California  to 

Sti/phonia  integrifolia  lemonade-beiTV.  Baja  California,  Mexico. 
Nutt. 

R.  laurina  Nutt    laurel   sumac       Pacific  coast  region  of  H,  W,  E  Do. 
Malosma  laurina  Nutt.  southern  California  to 

Baja  California,  Mexico. 
R.  ornm  S.  Wats.          sugar  sumac.  Chaparral  belt  of  mountains    H,  W,  E  Do. 

mountain-laurel,  of  Arizona  and  southern 
sugarbush.  California,  Santa 

Catalina,  and  other 
islands. 

R.  trilohata  Nutt       _  _  skunkbush,  Illinois  to  Nebraska,  west         H,  W,  S,  E       Robert  A.  McQuilkin. 
R.  eanadensis  var.  skunkbush  and  south  to  Oregon, 

frilobata  (Nutt.)  sumac,  quailbush,       California  and  Mexico. 
Small.  ill-scented 

Sehmaltzia  trilobata  sumac. 
Small. 

R.  typhiiia  L.     _      staghorn  sumac,  Quebec  to  Ontario  and  H,  W,  E  Howard  M.  Phipps. 
R.hirta  (L.)  Sudw.  velvet  sumac.  Minnesota,  south  to 
Sehmaltzia  hirta  (L.)  Iowa,  Kentucky, 
Small.  Tennessee,  and  Georgia. 

'H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 
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2.5  m  m 

0 

/?.  trilobata  R.  typhina 
skunkbush  sumac  staghorn  sumac 

Figure  3. — Rhus  typhina,  staghorn  sumac:  longitudinal 
section  through  a  seed,  18  X . 

Figure  1. — Rhus:  fruits,  4  x. 

^Kj^ 

R.  glabra 
smooth  sumac 

R.  in  tegri folia 
lemonade  sumac 

s 
## 

R.  laurina 
laurel  sumac 

R.  ovata 

sugar  sumac 

R.    trilobata 
skunkbush  sumac 

ft.   typhina 
staghorn  sumac 

Figure  2. — Rhus:  nutlets  (seeds),  4  X. 

the  plant  over  winter.  Seed  dispersal  is  almost 
entirely  by  birds  or  other  animals.  Some  seed  is 
produced  nearly  every  year. 

Collection  of  fruits. — The  fruit  clusters  may 
be  picked  by  hand  as  soon  as  ripe,  and  often 
are  available  until  late  in  the  year.  Fruits  of 
Rhus  glabra  and  R.  typhina,  which  occur  in 
very  dense  clusters,  may  need  additional  dry- 

ing if  collected  early  and  should  be  spread  out 
in  shallow  layers.  If  collected  in  late  fall  or 
early  winter,  however,  fruits  usually  will  be 
dry  enough  to  process  (table  3). 

Extraction  and  storage  of  seeds. — The  dried 
fruit  clusters  can  be  broken  into  individual 
fruits  by  rubbing  or  by  beating  in  canvas  sacks, 
followed  by  screening  or  fanning  to  remove 
the  debris.  Bits  of  fruit  coat  remaining  on  seed 
can  be  removed  by  running  the  partially  cleaned 
seed  through  a  macerator  with  water,  allowing 
the  remaining  pulp  and  empty  seed  to  float 
away.  Such  complete  cleaning  is  seldom  prac- 

ticed except  for  R.  trilobata;  seed  of  other 
species  is  sown  with  bits  of  fruit  coat  attached 
(23).  Sound  seeds  of  R.  f/labra  sink  in  water 
(13),  but  this  method  of  separating  empty  seeds 
is  not  successful  with  R.  typhina  (17).  Number 
of  seed  per  pound  and  seed  yields  vary  among 
species  (table  4). 

Rhus  seed  can  be  kept  over  winter  without 
special  treatment.  Clean  seed  of  R.  r/labra  and 

R.  typhina  can  be  stored  at  32^  to  41"^  F.  in 
sealed  containers  for  21/2  years  (27).  Seed  of 
R.  glabra  stored  at  room  temperature  for  10 
years  in  a  glass  jar  still  showed  63  percent  ger- 

mination after  acid  treatment  (H).  After  4 
years  of  sealed  storage,  germination  of  whole 
fruit  and  cleaned  seed  were  66  to  79  percent 
respectively.  Few  data  are  available  for  other 
species,  but  seed  of  R.  ovata  is  said  to  retain 
its  viability  for  a  long  time  when  kept  under 
ordinary  storage  conditions  (23). 
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Pregermination  treatments. — RJws  seed  ger- 
minates poorly  without  pretreatment.  Dor- 

mancy in  most  species  is  caused  by  hard,  im- 
pervious seedcoats.  Seeds  of  R.  aromatica  and 

R.  trilobata  also  have  dormant  embryos  that 
require  cold  treatment.  Seedcoat  permeability 
can  be  increased  by  soaking  the  seed  in  concen- 

trated sulfuric  acid  or  in  hot  water  (table  5). 
The  duration  of  treatment  necessary  varies 
considerably  among  seed  lots  (17),  and  even  for 
seeds  of  the  same  species,  depending  on  tough- 

ness of  the  endocarp  (14).  Mechanical  rupture 
or  scarification  of  the  seedcoat  increases  per- 

meability for  some  species  (15,  17),  but  efficient 

techniques  have  not  been  developed.  Seed  of  the 
two  species  having  dormant  embryos  should  also 
be  stratified  at  low  temperatures  in  moist  sand 
or  peat  following  acid  treatment  (12).  Mor- 
geneyer  (17)  reported  that  hot  water  treatment 
of  R.  tiiphina  is  simple  and  cheap  if  the  fruit 
coats  and  tomentum  are  removed  first,  but  that 
the  germination  period  is  twice  as  long  as  when 
an  acid  treatment  is  used. 

Germination  tests. — Germination  can  be 
tested  in  sand  or  peat,  or  in  petri  dishes,  using 
pretreated  seeds  (table  6).  In  a  series  of  tests 
of  R.  f/Iabra  made  in  petri  dishes,  germination 
under  continuous  light  was  consistently  higher 

Table  2. — Rhiis:  phenology  of  flowering  and  fruiting 

Species 
Flowering 

dates 

Fruit  ripening 
dates 

Data 
source 

R.  aromatica          Mar.  to  May. 
R.  copaUina       July  to  Aug   
R.  glabra       June  to  Aug.    
R.  integrifolia        Feb.  to  Mar.,  sometimes 

Jan.  to  .July. 
R.  laurina         May  to  July  or  to  December  do 
R.  ovata    Mar.  to  May      do   
R.  trilobata    Mar.  to  Apr.        do   
R.  typhina       May  to  July  June  to  Sept 

July  to  Aug.        5, 1 
Sept.  to  Oct        18, 

do        U, 

Aug.  to  Sept.      16, 

10, 16, 

18, 

8,1 

0,2A 

2 J,,  26 18,2Jf 

2h 

2h 

2k 

2h 

8,  19,2U,26 

Fruits  persist  on  the  plants  during  a  large  part  of  the  year  following  ripening. 

Table  3. — Rhus:  height  and  fruit  ripeness  criteria 

Height 

Species  at 
maturity 

Feet 

R.  aromatica         6 
R.  copaUina    30 
R.  glabra    25 
R.  integrifolia      10 

R.  laurina     12 
R.  ovata    10 

R.  trilobata         6 
R.  typhina        40 

Year  of 

first 

culti- vation 

Fruit  ripeness  criteria 
Ripe 
color 

Other 
ripeness criteria 

Data 

source 

1759 
1688 
1620 

1877 
1898 

Red             25 
Crimson        19 
Bright  to  dark  red         Viable  fruit  sink  in  water  Ik 
Pubescent,  reddish  Covered  with  waxy  16 

secretion. 
Whitish        16 
Reddish     Covered  vdth  sugary  or  16 

waxy  secretion. 
Red          19 
Dark  red  or  crimson    19 

Table  4. — Rhus:  seeds  per  pound  and  other  yield  data 

Species 

Fruits 

per 
pound 

Seeds 

per  100 

pounds of  fruit 

Cleaned  seeds  per  pound 

Range 
Average      Samples 

Data 
source 

Nionber  Pounds                 Number  Number       Number 

R.  copaUina    25-35              37,000-  79,000  57,000  4  20 
R.  glabra    23,000-48,000  40-75              24,000-126,000  49,000  28  13,  H,  15,20,22 
R.  integrifolia      .....    .....                   3,000  6,800-     8,000  7,600  2  23 
R.  laurina  _                         90,000  .  129,600  1  23,2k 
R.  ovata                    17,000  18,700-26,000  2  23 
R.  trilobata       7,000-  9,000  50              10,600-  30,000  20,300  9  23 
R.t7jphina           ....                 30,000  48,700-67,600  53,300  5  23 
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and  faster  than  without  light  (i^).  Heit  {12) 
also  recommended  germination  tests  under 

light.  A  constant  temperature  of  68°  F.  was  as 
satisfactory  as  alternate  warm  and  cool  tem- 

peratures for  R.  glabra,  but  no  germination 
occurred  at  95°  F.  {Ut).  Other  trials  indicated 
that  a  constant  68°  F.  or  room  temperature  is 
satisfactory  {12,  2),  but  fluctuating  day  and 
night  temperatures  also  can  be  used  {17,  21, 
23).  Germination  is  epigeal  (fig.  4). 

Nursery  practice. — Sumac  seed  can  be  sown 
in  the  fall  after  pretreatment  with  sulfuric  acid 
or  hot  water  to  soften  the  seedcoats.  Fall  sow- 

ing provides  the  cold  treatment  necessary  for 
R.  aromatica  {12),  and  probably  for  R.  trilo- 
bata  as  well.  If  these  two  species  are  to  be  sown 
in  the  spring,  however,  the  seed  must  be  treated 
with  acid  and  then  stratified  for  30  to  90  days 
{12).  The  other  species  also  could  be  sown  in 
the  spring  after  acid  treatment.  Germination  of 
such  properly  pretreated  seed  will  begin  in  the 

Table  5. — Rhus:  pregerminatio7i  treatments 

Scarification  for  seedcoat  dormancy 

Species Medium Temp. Time 
Data 

source 

"F. 

Hours 

R.  aromatica 
R.  copallina 
R.  glabra   

Room  -  1 
Room  -.  1-2 
Room      1-3 

R.  integrifolia 

R.  laurina 
R.  ovata    

212 
180-200 

760 

24 

4  + 

R.  trilobata  ̂  
R.  iyphina     . 

H.SO. 
H=SO, 
H=SO, 
Water 
Water 
H^SOi   
Water     .   180-200 
Water.  180-200        =1-6 
H.SO.  Room  =1-6 H.SO,  Room  1 
H.SO,  Room  M-6 
H...SO,  Room      1-1.5 
Water.  212   ^-Wqo 

7,12 
2,12 12,  13 
U 

S 
3 

21,23 
12 17 

'  Scarification  followed  bv  stratification  at  34°-51°  F. 
for  30-90  days  (7,  12). 

'  Older  seeds  require  the  longer  treatment. 
^  Scarification  followed  by  stratification  at  34°-40°  F. 

for  60  days  {21). 
*  For  seeds  with  tomentuni  attached. 

nursery  in  10  to  20  days  and  be  complete  in 
about  30  days  (fig.  5).  Lovell  {H)  found  sig- 

nificantly better  germination  for  R.  glabra 
seed  planted  about  %  inch  deep  than  for  seeds 
sown  on  the  surface.  In  general,  seed  should  be 
planted  at  least  !/>  inch  deep  in  nursery  rows, 
and  at  the  rate  of  about  25  viable  seeds  per 
lineal  foot  {23).  Rhus  also  can  be  propagated 
from  root  cuttings  {1,  11). 

Figure  4. — Rhus  typhina,  staghorn  sumac:  seedling  de- 
velopment at  2,  4,  and  17  days  after  germination. 

Table  6. — Rhus:  germination  test  conditions  and  results 

Species 

Germination  test  conditions Daily 

light 

period 

Medium 
Temperature 

Day 

Night 

Dura- 

tion 

Germinative 

energy 

Germinative capacity 

Purity 

Amount  Period    Amount  Samples 

Data 

source 

Hours 

R.  aromatica    8  + 
R.  copallina..     
R.  glabra      14-24 

R.  integrifolia.    8 
R.  laurina    8 
R.  trilobata    8 
R.  Ujphina    8  + 

°F.  °F.  Days 

Petri  dish        .         ...  ...  30 
  do           68  68  7-30 
Petri  dish,         68-86  68  20-60 

sand,  cloth. 
Sand                86  68  30 

do                       86  68  30 
do                       86  68  30 

Germinator,      68-86  68  30-60 sand. 

Percent     Days     Percent     Num-       Percent 

36 

61 
43 

10 

15 
13 

60 
75 
58 

84 
42 
76 
52 

ber 

2 
4 

35 

1 
2 

10 
18 

80-97 

89 

2,  7, 12 2  12 

3',  12,14 

15,23 
23 

23 9,21,23 
6,12,17 23 
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Figure  5. — Rhus  ovata. 
age  classes. 

sugar  sumac :  seedlings  of  two 
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Grossulariaceae — Currant  or  gooseberry  family 

RIBES  L.  Currant,  gooseberry 

by  Robert  D.  Pfister  ̂  

Growth  habit,  occurrence,  and  use. — Ribes  in- 
cludes about  150  species  of  deciduous,  rarely 

evergreen,  shrubs  that  occur  in  the  colder  and 
temperate  parts  of  North  America,  Europe, 
and  Asia  and  in  the  Andes  of  South  America. 
They  have  been  placed  in  the  Saxifragaceae  by 

^  Intermountain  Forest  &  Range  Exp.  Stn. 

some  authors,  but  are  now  considered  part  of 
Grossulariaceae  (.5).  The  unarmed  species  are 
called  currants,  the  prickly  species,  goose- 

berries. Formerly  these  two  groups  were  con- 
sidered separate  genera;  currants  were  classi- 

fied as  Ribes,  gooseberries  as  Grossidaria.  Of 
the  more  important  species  for  which  seed  data 
are  available,  16  are  native  to  the  United  States 
and  1  was  introduced  from  Europe  (table  1). 

Table  1. — Ribes:  nomenclature,  occurrences,  and  uses;  data  compilers 

Scientific  names  ^ 

and  synonyms  Common  names 

R,  alpinum  L     alpine  currant   
R.  opuHfolium,  L. 

R.  americanum  Mill    American  black  currant 
R.  fioridum  L'  Her  it. 

R,  aureum.      golden  currant,  slender 
Chrysobotrya  aurea  golden  currant, 

(Pursh.)  Rydb.  flowering  currant. 
R.  flavum  Colla. 
R.  tenuiflorum  Lindl. 

R.  cereum  Dougl     wax  currant,  squaw 
R.  churchii  A.  Nels.  currant. 

and  Kenn. 
R.  inebrians  Lindl. ; 
R.  pumillum  Nutt. 

R.  cynosbati  L.        pasture  gooseberry, 
Grossularia  cynosbati  prickly  gooseberry. 

(L.)  Mill. 
R.  gracile  Michx. 

R.  hudsonianum  Richards     Hudson  Bay  currant, 
R.  petiolare  Dougl.  wild  black  currant. 

Occurrence 

Uses  ̂ 

Species  compilers 

R.  inerme  Rydb.     
Grossularia  inermis 

Gov.  &  Britt. 
R.  divaricatum 

Dougl.  var.  iveryne 
McMinn. 

R.  purpusii  Koehne 
ex  Blank. 

R.  irriguiim  Dougl.      
Grossularia  irrigua 

Gov.  &  Britt. 
R.  divaricatiun  var. 

irriguum  Gray. 
R.  oxycanthoides  var. 

irriguum  Jancz. 

white-stem  gooseberry 

Idaho  gooseberry, 
inland  black 
gooseberry. 

Europe  to  Siberia    E    Paul  0.  Rudolf. 

Nova  Scotia  to  Alberta,       H,  E,  W,  Wayne  D.  Shepperd. 
south  to  Virginia  and  S,  F 
New  Mexico. 

Eastern  Washington  to        H,  S,  E,  F     .  _  Robert  D.  Pfister. 
Saskatchewan  and 
South  Dakota,  south 
to  Galifornia  and 
New  Mexico. 

British  Columbia  to  H,  E           Do. 
central  Montana, 
south  to  northern 
Mexico. 

Nova  Scotia  to  Alberta,        H,  F    John  Grossley. 
south  to  Virginia, 
Nebraska,  and  New 
Mexico. 

Alaska  to  Hudson's  Bay,      H     Robert  D.  Pfister. south  to  nortnern 
California,  Utah, 

Wyoming,  and Minnesota. 
British  Columbia  to  H,  F               Do. 

Montana,  south  to 
California  and  New 
Mexico. 

British  Columbia  south 
to  northeastern 
Oregon  and  east  to 
western  Montana. 

H 

Do. 
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Table  1. — Ribes:  nomenclature,  occurrences,  and  iises;  data  co7npilers — Continued 
Scientific  names 
any  synonyms 

Common  names Occurrence 

Uses  ■ 

Species  compilers 

R.  laciistre  (Pers. )  Poir 
Limnobotrya  lacxstris 

Rydb. 
R.  echinatum  Dougl. 
R.  grossularioicles 

Michx. 
R.  parvuhim  Rydb. 

R.  tnissoiiriense  i^utt. 
Grossularia 

7mssouri€nsis  (Nutt.) 
Gov.  &  Britt. 

R.  gracile  Pursh, 
not  Michx. 

R.  nioiiligeiiiun 
McClatchie 

Limnobotrya  moiifigena 
Rydb. 

R.  lacustre  var  inolle 
Gray. 

R.  lent'tim  Gov.  &  Rose 
R.  moUe  Howell 

R.  nevndense  Kellog' R.  ascendevs  Eastw. 
R.  grant  a  Heller. 

R.  odoratum  Wendl. 
Chri/sobotn/a  odorata 

(Wendl.)  Rydb. 
R.  fragrans  Lodd. 
R.  longiflortini  Nutt. 
R.  missouriense  Hort. 
R.  palmatum  Thory. 

R.  roezU  Reg'el 
Grossularia  roezli  Gov. 

&  Bitt. 
R.  amictutn  Greene 
R.  aridiim  Green. 
R.  wiJsonianum 

Green. 
R,  rotititdifoliimi  Michx. 

Grossii la r ia  ro tundifol ia 
(Michx.)  Gov.  &  Britt. 

R.  triflorumWmd. 
R.  sniigitiiieuni  Pursh. 

Cahbotrya  savguinea 
Spach. 

Coreosma  sanguinea 
Spach. 

R.  ghitinosum  Benth. 
R.  i^iscosissiiiiuiii  Pursh. 

Coreosni a  v iscos issim a 
Spach. 

R.  haUii  Jancz. 

prickly  currant, 
swamp  gooseberry, 
swamp  black  currant. 

Missouri  gooseberry. 

gooseberry  currant, 
alpine  prickly  currant, 
mountain  gooseberry. 

Sierra  currant 

clove  currant,  buffalo 
cuiTant,  Missouri 
currant. 

Sierra  gooseberry 

Alaska  to 
Newfoundland,  south 
to  Galifornia,  South 
Dakota,  and 
Pennsylvania. 

Minnesota  to  Connecticut, 
south  to  Tennessee, 
Arkansas,  and  Kansas. 

British  Columbia  to 
Montana,  south  to 
southern  California 
and  New  Mexico. 

Southern  Oregon, 
northern  Galifornia, 
and  western  Nevada. 

South  Dakota  and 
Minnesota,  south  to 
western  Texas  and 
Arkansas. 

Galifornia  and  Nevada 

H,  F 

Do. 

H,  F    R.  F.  Watt. 

H,  F    Robert  D.  Pfister. 

H 

H, E,  S, F 

Do. 

Wayne  D.  Shepperd. 

H     Robert  D.  Pfister. 

roundleaf  gooseberry 

winter  currant, 
red  flowering  currant, 
Oregon  currant,  blood 
cuiTant. 

sticky  currant 

Massachusetts  to  New 
York  south  to  North 
Carolina. 

H    John  Grossley. 

Western  British  Columbia  H,  E_ 
south  to  Galifornia. 

E.  L.  Mowatt. 

British  Columbia  to 
Montana,  south  to 
California  and 
northern  Arizona. 

H      Robert  D.  Pfister. 

H :  habitat  or  food  for  wildlife,  W :  watershed,  S :  shelterbelt,  E :  environmental  forestry,  F :  edible  fruit. 

They  generally  occur  as  rather  low-growing 
shrubs,  but  three  species  can  attain  heights  of 
10  to  12  feet  (table  2). 

Six  of  the  more  showy  species,  R.  alpinum. 
R.  americanum,  R.  aiireum,  R.  cereum,  R. 
odoratum,  and  R.  sangninenm,  have  been  cul- 

tivated and  are  known  for  their  colorful  fruit, 
attractive  flowers,  or  ornamental  foliage.  Ber- 

ries can  often  be  used  for  making  jam,  jelly, 
or  pie.  All  native  species  are  valuable  as  food 

and  cover  for  wildlife,  and  many  also  provide 
browse  for  livestock.  R.  anreum  and  R.  odora- 

tum have  been  used  to  some  extent  in  shelter- 
belt  planting  in  the  prairie-plains.  The  former 
also  has  been  planted  for  erosion  control.  Many 
species  serve  as  alternate  hosts  to  white  pine 
blister  rust,  a  disease  that  has  had  a  severe 
impact  on  forest  management  practices   (S). 

Geographic  races. — Nine  of  the  species  listed 
have  recognized  varieties.  These  are  R.  alpinum. 
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Table  2. — Ribes:  groivth  habit,  height  at  maturity  and  year  of  first  cultivation 

Species 
Growth  habit Height  at 

Year  of 

first 
cultivation 

maturity 

Feet 

3-8 
1588 

2-6 

1727 3-10 

1806 1-5 
1827 

5 
1759 

1-6 
1899 

3-7 1899 
1-8 1920 

1-6 1812 1907 

1-3 1905 
3-6 

1907 3-10 

1812 

2-5 
1899 

3 1809 
3-12 

1818 1-6 
1827 

R.  alpinum     .—   __.  Dense,  unarmed  shrub—.. 
R.  americanum        Unarmed  shrub   
R.  aureum         ..do   
R.  cereum   do       
R.  cynosbati        Prickly  shrub   
R.  hudsonianum    Unarmed  shrub   
R.  inerme    Prickly  shrub   
R.  irriguum   do   
R.  laciistre       do   
R.  missotiriense       do   
R.  montigenum    Low,  very  prickly  shrub. 
R.  nevadense    Unarmed  shrub   
R.  odoratum          do  —  .    
R.  roezli        Prickly  shrub   
R.  rofundifolium    Low,  prickly  shrub  _   _. 
R.  sanguineum    Unarmed  shrub    
R.  viscosissimum    Hardy,  unarmed  shrub... 

R.  cynosbati,  R.  odorattim,  R.  roezli,  R.  san- 
guineum, R.  cereum,,  R.  hudsonianum,  R.  vis- 

cosissimum, and  R.  missouriense.  The  varieties 
of  the  four  last-named  species  represent  geo- 

graphic races,  while  varietal  distinctions  within 
the  other  five  species  are  not  clearly  related  to 
geographic  races  (5,  30,  33). 

Flowering  and  fruiting. — The  flowers  are  bi- 
sexual (dioecious  in  R.  alpinum),  usually  small 

and  greenish,  but  yellow  to  red  in  some  species 
(30).  The  flowers  are  borne  from  April  to  June 
in  few-  to  many-flowered  racemes  or  are  solitary 
(table  3).  The  fruit  is  a  green,  many-seeded, 

glandular  or  smooth  berry  i/l  to  14  inch  in 
diameter  (fig.  1).  It  ripens  in  early  to  late 
summer.  Ripe  fruit  is  red  in  some  species,  from 
purple  to  black  in  others,  and  occasionally  can 
be  red,  yellow,  or  black  within  a  given  species 
(table  4).  The  mature  seed  (fig.  2)  contains  a 
large  endosperm  in  which  is  imbedded  a  minute, 
rounded  embryo  (fig.  3).  Seed  is  dispersed  al- 

most entirely  by  birds  and  mammals  during 
summer  and  fall. 

The  earliest  seed  crops  on  R.  laciistre,  R. 
roezli,  and  R.  viscosissimnm  are  borne  when 
the  plants  are  3  to  5  years  old  and  good  seed 

Table  3. — Ribes:  phenology  of  flowering  and  fruiting 

Species Location Flowering  dates 
Fruit  ripening 

dates 
Data 

R.  alpinum   
R.  americanum-.. 
R.  aureum      
R.  cereum...   
R.  cynosbati   
R.  hudsonianum.. 
R.  inerme       
R.  irriguum  .     
R.  lacustre   
R.  missouriense.. 
R.  montigenum. . 
R.  nevadense   
R.  odoratum   

R.  roezli           
R.  rotundi folium 
R.  sanguineum  .... 

Europe 
April-May.       July-Aug...    
April-June      June-Sept   
April-May.       June-July   
April-June     Aug   
April-early  June    Late  July-Sept. 

9,10,17,30 

Si 

35 
5 

35 

R.  viscosissimum 

May-July            5 
May-June            5 
April-June            5 
April-July      Aug    5, 19 
April-May    June-Sept    1,33 
Late  June-July    Aug.-Sept    5,19 
May-July    16 
Late  May    Late  Aug    6 
Mid-April..        June      32 
April-June.       June-Aug       18,37 

         May-June              16 
          April-May        July-Sept    35 
Oregon    April-May       July-Aug    15 
      March-June    5 

May-June  Aug.-Sept    5,19 

Woming 
Kansas 
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R.  cereum 
wax  currant 

R.  cynosbati 
pasture  gooseberry 

%^mM 
R.  cereum  R.  hudsonianum  R.  irriguum 
wax  currant       Hudson-Bay  currant    Idaho  gooseberry 

R.  lacustre 
prickly  currant 

R.  montigenum 
mountain  gooseberry 

R.  lacustre  R.  montigenum  R.  nevadense 
prickly  currant    mountain  gooseberry     Sierra  currant 

R.  roezli  R.  sanguineum     R.  viscosissimum 
Sierra  gooseberry       winter  currant      sticky  currant 

R.  sanguineum 
winter  currant 

R.  viscosissimum 
sticky  currant 

Figure  1. — Ribes:  berries,  2  x. 

crops  are  borne  at  intervals  of  2  to  3  years 
in,  29).  R.  odoratum,  however,  bears  good 
crops  annually  {6). 

Seed  collection  and  extraction. — The  fruit 
should  be  picked  or  stripped  from  the  branches 
as  soon  after  ripening  as  possible  to  minimize 
consumption  by  birds.  Unless  the  seed  is  to  be 
extracted  immediately,  it  should  be  spread  out 
to  dry  in  shallow  layers  to  prevent  heating  {35). 
For  R.  alpmum,  a  recommended  method  is  to  let 
the  berries  ferment  in  piles  for  a  few  days  prior 
to  extraction  (17).  Maceration  and  washing  are 
needed  to  separate  the  seed ;  dried  fruit  should 
first  be  soaked  in  water.  A  quick  method  is  to 

Figure  2. — Ribes:  seeds,  12  X. 

put  small  quantities  of  the  berries  in  a  kitchen 
blender,  cover  the  berries  with  water,  and  run 
the  blender  for  15  to  45  seconds.  After  the 
blender  has  run  long  enough  to  separate  the 
sound  seed  from  the  pulp,  add  water  and  allow 
the  sound  seed  to  settle.  The  pulp,  empty  seeds, 
and  excess  water  can  then  be  decanted.  Wash 
the  seed  into  a  funnel  lined  with  filter  paper  and 
dry  the  seeds  on  the  filter  paper  (13).  Data  on 
the  numbers  of  cleaned  seed  per  pound  are  given 
in  table  5. 

Seed  yields  from  100  pounds  of  berries  for 
three  species  are — 

Pounds 
R.  aureunt               4  (35) 
R.  odoratum            8  (11) 
R.  sanguineum              4  (15,  36) 
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One  bushel  of  berries  from  R.  sanguineum 
weighs  about  40  pounds. 

Storage. — Ribes  seeds  remain  viable  for  long 
periods  when  stored  in  sealed  containers  at  a 
low  initial  moisture  content.  Temperature  is 
evidently  not  critical ;  samples  of  R.  roezli  seed 
buried  in  the  soil  in  inverted  open  containers  for 
13  years  still  showed  70  to  94  percent  viability 
(28).  Also,  several  species  stored  dry  at  room 
temperatures  have  maintained  high  viabilities 
for  periods  up  to  17  years  (table  4).  Good  reten- 

tion of  viability  appears  to  hold  true  for  most, 
if  not  all,  Ribes  species. 

Germination. — Natural  germination  of  Ribes 
seed  normally  occurs  in  the  spring  following 
dispersal,  although  some  seed  may  remain  dor- 

mant for  many  years  (14,  29).  The  best  seedbed 
appears  to  be  mineral  soil  well  supplied  with 
humus.  Germination  is  epigeal  (fig.  4).  In  the 
laboratory,  seeds  are  slow  to  germinate  except 
for  R.  hvdsonianum  and  R.  rotundi folia.  Most 
species  require  at  least  one  stratification  period 

Table  4. — Ribes:  fruit  characteristics  and  seed  storage  conditions 

Fruit  characteristics Seed  storage  conditions 
for  air-dried  seed 

Species 
Surface     Diameter  Ripe  color Data 

source Tempera- 
ture 

Inches 

R.  alpinum    Glabrous    .— 
R.  americanum   do    V^ 

R.  aureum   do    ^/4 

R.  cereum    Glandular    V^ 
R.  cynosbati   do        — - 
R.  hudsonianum     Smooth  _  % 

R.  inerme   do      ^4 
R.  irriguum   do    -  % 
R.  lacustre    Glandular  .  .  % 
R.  missouriense    Smooth  Vz 
R.  montigenuvt    Glandular     _  V4 
R.  nevadense   do    .— 

R.  odoratum    Smooth  % 

R.  roezli        Glandular    V2 

R.  rotundi  folium     Smooth         _      % 
R.  sanguineum      Glandular  % 
R.  viscosissimum     ..do    V2 

Scarlet    30 
Black    6,26,30 
Red,  black,  or  5 

yellow. Dull  to  bright  red  5 
Reddish  purple     .  35 
Black    5 

Reddish  purple    5 
Bluish  purple    5 
Purple  to  black. .-  5 
Purple  to  black.  .  30 
Red    5, 19 
Blue  to  black    16,30 

Black,  golden,  or  11,32,35 
reddish  brown. 

Purple  or  deep  7,  30 
reddish  brown. 

Purple      30,35 
Blue  to  black  .  ..  5, 15 
Black       5 

41 
70 

70 
70 

70 
70 
70 

Dura- 

tion 

Viability at  end  of    ̂ „„„„„ 

period      ̂ '^^^^^ 

Data 

Years    Percent 

4 
17 

27 

7 
17 

14 

11 

38 

89 

4 
8 

40 

68 
80 

35 

35 

28 

28 

28 

Soil 
4 81 28 

70 4 88 28 
70 17 32 28 

Soil 

13 

82 

28 
36 

12 

45 

29 

36 

7 85 

28 

70 

i"7 

23 28 70 

22 7 28 

Table  5. — Ribes:  cleaned  seed  per  pound 

Species 
Place  of 
collection 

Seed  per  pound 
Range 

Average 
Samples 

Data 

source 

R.  americanum^ 
R.  aureum   
R.  cereum     
R.  cynosbati   
R.  hudsonianum  .- 
R.  inerme   
R.  lacustre   
R.  missouriense... 
R.  montigenum .... 
R.  nevadense   
R.  odoratum   
R.  roezli   
R.  sanguineum..  . 
R.  viscosissimum 
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Number 

247,000-    336,000 

California 

Idaho   
Idaho  and  California- 
California   

200,000- 
201,000- 
189,000- 

285,000 
283,000 
221,000 

Utah   
California     
North  Dakota   
California        
Oregon        
Idaho  and  California 

630,000-1,226,000 
354,000-    398,000 

156,000-    168,000 

295,000- 
106,000- 

176,000- 

424,000 
179,000 
295,000 

255,000-    349,000 

Number 

313,000 
233,000 
251,000 
205,000 

965,000 
366,000 
515,000 
162,000 
142,000 

391,000 
167,000 
236,000 
284,000 
298,000 

Number 
4 
4 
5 
2 

12 
5 
1 
2 
1 

10 

8 

10  + 

1 
5 

20,35 

20,35 20 

35 

20 

20 

20 

35 

19 
20 

11,35 

20,29 36 
20 
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■2.5mrry- 

Figure  3. — Ribcs  ntissouricyise,  Missouri  gooseberry: 
longitudinal  section  through  the  embryo  of  a  seed, 
30  X. Figure  4. — Ribes  missoiiriense,  Missouri  gooseberry: 

seedling  development  at  2,  7,  23,  and  44  days  after 
germination. 

of  fairly  long  duration  to  break  embryo  dor- 
mancy. (31).  Impermeable  seedcoats  also  ap- 

pear to  be  involved  in  some  seed  lots  of  R.  ameri- 
canum  and  R.  odoratmn  (35).  Germination  can 
be  hastened  and  increased  by  stratification  at 
low  temperatures  in  sand,  in  peat,  or  in  a  mix- 

ture of  these  media.  Seed  losses  from  damping- 
off  fungi  have  been  prevented  by  applying  6 

gi'ams  of  copper  oxalate  per  square  foot  of  cul- 
ture surface  (2i).  Optimum  temperature  and 

duration  of  stratification  vary  by  species  and  (to 
a  lesser  degree)  between  seed  lots  within  a  spe- 

cies. For  most  species,  a  I'etrial  stratification 
and  a  repeat  germination  test  are  necessary  to 
obtain  complete  germination  of  viable  seed 
(table  6).  The  variation  in  dormancy  within  a 

seed  lot  illustrates  Ribcs'  adaptive  advantage; some  seed  remains  dormant  in  the  forest  soil 
until  conditions  are  appropriate  for  germination 
and  development.  Many  methods  of  breaking 
dormancy  have  been  tried  on  various  species, 
including  acid  treatment  of  seedcoat,  warm 
stratification,  freeze-and-thaw,  and  alternating- 
temperature  stratification  (21,  22,  23,  21,,  25,  26, 
27,  28).  For  most  species  these  treatments  offer 
little  advantage  over  normal  stratification.  Most 
tests  have  been  conducted  in  a  greenhouse  using 

sand  flats  moistened  with  Hoagland's  nutrient 
solution  (24),  but  evidence  does  suggest  that  a 
lower  temperature  may   improve  germination 

and  reduce  stratification  requirements  (2,  36). 
Considerable  germination  can  also  be  obtained 
for  some  species  without  prior  stratification  by 

alternating  diurnal  temperatures  (77°  and  41° 
F.  or  50°  F.),  e.g.,  R.  lacifstre  (12),  R.  odoratum 
(2If),  R.  rotxiidifolium  (2),  and  R.  viscosissi- 
mum  (12).  For  these  test  conditions,  a  5-minute 
soak  in  2-  to  10-percent  sulfuric  acid  solution 
improved  gei'mination  of  R.  lacustre  and  R.  vis- 
cosissimion  seeds  (12).  It  is  apparent  that  no 
one  procedure  is  best  for  all  species,  that  each 
species  has  its  own  unique  germination  charac- 

teristics, and  that  additional  work  is  needed  to 
fully  understand  the  dormancy  mechanisms  in 
Ribes. 

Nursery  practice. — Ribes  seed  is  usually  sown 
in  the  fall,  although  it  can  be  stratified  and  sown 
in  the  spring.  Few  tests  have  been  conducted  to 
determine  which  species  can  be  sown  in  the 
spring  without  stratification;  R.  luidsoniamim 
may  be  one  of  these  (table  6).  The  general  rec- 

ommendation is  to  fall-sow  whenever  possible 
especially  if  seedcoat  dormancy  is  present  (3). 
However,  R.  roezli  seed  (and  perhaps  that  of 
other  species)  must  be  dried  prior  to  sowing  as 
fresh  seed  will  not  germinate,  even  after  strati- 

fication (21).  If  fall  sowing  is  not  possible,  the 
stratification  procedures  recommended  in  table 
6  would  be  most  satisfactory  prior  to  spring 

725 



RIBES 

Table  6. — Ribes:  pregermination  treatments  and  germination  test  results 

Pregermination  Germination  (^„^^.,..„                                          t^   , 
Species               treatment    under  test    ̂ ^f^J";^^?"  Samples                        ̂ ^^^ 

Temperature          Duration  conditions  '     capacity                                             source 

°F.                      Days  Percent          Percent  Number 
R.alpinum                 32-50                           90+  80                 __  10  17 
R.  americanum..                  28-36                   90-120  68                 76  39  22, 23, 2h,  26, 27 
R.aureum                 28-36                            60  60                 63  19  A,21,2Jt,35 
R.cereum                 28-32                  120-150  61                 72  61  2^,25,26,27 
R.cijnosbati                 28-41                    90-150  69                 72  19  2^,25,27,35 
R.  hudsonianum                   C)                          C)  57                 85  116  22,24. 

32-36                   90-120  69                 76  42  26,27 
R.inerme                        32                  120-200  60                 74  54  22,23,2^,25,26,27 
R.irriguum                 32-41                            90  79                 81  11  2i,27 
R.lacustre                           32                  120-200  48                  61  64  22, 23, 2i,  25,27 
R.missouriense                 28-41                            90+  73                 .  3  23,35 
R.  montigenum                       32                  200-300  53                 ....  6  22,23 

32                  120-150  8                 33  15  24,25 
R.nevadense                       32                          120  78                 87  43  23,25,26,27 
R.odoratum      68  (day)  32  (night)             120  94                 98  3  24 

R.roezll                        32                  100-150  80                 87  200  23,25,26,27                  g 
R.  rot undi folia                  28-32                             90+  80                  81  10  23,24                               ■ 
R.  sangnineum.                 32-36                  100-140  61                 64  55  22,23,24,25,26,27 
R.  viscosissimum  .  ̂ ^^                28-32                           140  58                  67  88  22,23,24,25,27,28 

'  Virtually  all  of  the  tested  seeds  were  stratified  and  germinated  in  sand  moistened  with  nutrient  solution.  The  ger- 
mination tests  were  conducted  under  greenhouse  conditions  for  periods  of  30  to  40  days. 

"  Germination  capacity  was  determined  by  retrial  stratification  and  a  repeat  germination  test  with  conditions  about the  same  as  used  initially. 

^  No  pretreatment. 

sowing.  Seed  should  be  sown  at  the  rate  of  60-80 
per  square  foot  (17)  or  40  viable  seeds  per  lineal 
foot  in  rows  and  covered  to  a  depth  of  Vs  to  14 
inch  (35).  Seeds  of  R.  ceremn,  R.  nevadense,  and 
R.  roezli  may  be  covered  up  to  i/j  inch  (21,  23). 
The  only  reported  experience  in  actual  nursery 
stock  production  is  for  R.  odoratum.  (11).  Seed- 

beds are  fall-sown,  mulched  to  a  depth  of  2  to  3 
inches  and  covered  with  snow  fence.  About 
9,000  seedlings  are  produced  per  pound  of  seed 
and  the  normal  outplanting  age  is  2  years.  Most 
species  can  be  propagated  readily  from  hard- 

wood cuttings  taken  in  autumn  (35). 
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Leguminosae — Pea  family 

ROBINIA  L.  Locust 

by  David  F.  Olson,  Jr.i 

Growth  habit,  occurrence,  and  use. — Rohinia 
includes  about  20  species  which  are  native  to  the 
United  States  and  Mexico  (5,  6).  Three  to  four 
are  deciduous  trees,  and  the  rest  are  shrubs. 
Robin ia  pseudoacacia,  black  locust,  is  a  medium- 
sized  tree  40  to  60  feet  high  (maximum  100) 
(12).  It  reaches  its  best  development  in  the  Ap- 

palachian region,  and  has  been  widely  planted 
in  the  Western  Hemisphere  and  in  Europe.  The 
rapid  growth  of  black  locust  on  good  sites,  its 
nitrogen-fixing  ability,  and  the  durability  of  its 

'  Southeastern  Forest  Exp.  Stn. 

wood  makes  black  locust  the  most  valuable 
species  in  the  genus.  R.  hispida  and  R.  fertilis 
are  low  shrubs,  2  to  10  feet  high  {2)  and  are 
similar  in  appearance.  They  are  useful  for 
erosion  control  because  of  prolific  root  sprout- 

ing. Growth  of  Rohinia  species  is  very  good  on 
calcareous  soils,  but  R.  hispida  and  R.  fertilis 
will  grow  also  on  strip  mine  spoils  where  the 
acid  soils  have  pH  values  down  to  4.0.  R.  fertilis 
is  diploid,  and  R.  hispida  is  triploid.  It  is  likely 
that  this  triploid  species  originated  from  R. 
fertilis  (19).  R.  neomexicana  is  a  small  tree,  10 
to  25  feet  high  (21).  Ranges  of  these  species  are 
included  in  table  1. 

Table  1. — Rohinia:  nomenclatiire,  occurrence,  and  uses;  data  compilers 

Scientific  names  ^      „ 

  and  synonyms   Common  names 
R.  fertilis  Ashe    bristly  locust   

R.  hispida  L    rose-acacia  locust, 
mossy  locust. 

R.  neomexicana  A.  Gray-       New-Mexican  locust, 
R.  neomexicana  var.  southwestern  locust, 

luxurians  Dieck  et  hojalito. 
Goeze. 

R.  subvelufina  Rydb. 
R.  pseudoacacia  L.      black  locust, 

R.  rushyi  Woot.  and  Standi.  yellow  locust. 

Occurrence 
Uses 

Data  compilers 
for  the  species 

Virginia  to  Kentucky  to 
Alabama  to  Georgia  (11). 

Virginia  to  Kentucky  to 
Alabama  to  Georgia  {11). 

Mountains  from  Trans-Pecos 
Texas  to  southern  Colorado, 
west  to  southern  Utah, 
Nevada,  and  Arizona. 
Northern  Mexico  (6). 

Mountains  from  Pennsylvania 
to  northern  Alabama, 
north  to  southern  Illinois. 
Ozark  Mountains  in 

Missouri,  Arkansas,  Okla- 
homa. Now  naturalized 

widely  east  of  Rocky 
Mountains  {12). 

H,W,E 

H,  W,  E 

Grant  Davis. 

R.  L.  Barnes. 

H,W,  S.E      A.  L.  Roe. 

T,  H,  W,  E  -    J.  E.  Krajicek. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife, W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 

Table  2. — Rohinia:  phenology  of  flowering  and  fruiting 

Species 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 

Data 

source 

R.  fertilis   
R.  hispida....   
R.  neomexicana . 
R.  pseudoacacia. 

early  June        September         October-November  _ 
May-June    July-September     .         
  do               September  -  September-October. 

do  .       September-October         September-April 

10 
10 
17 
U 
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Flowering  and  fruiting. — The  perfect  flowers 
occur  in  racemes  originating  in  the  axils  of 
leaves  of  the  current  year,  and  appear  in  the 
spring  and  early  summer  (10,  H).  Pollination 
is  carried  out  by  insects,  especially  bees  (IS). 
The  fruit,  a  legume  (fig.  1),  ripens  in  the  fall 
and  contains  4  to  10  dark  brown  to  black  seeds 

about  ••ic.  to  I4  inch  long  (4  to  6  mm.)  (fig.  2) 
(15,  17).  When  they  ripen,  the  fruits  become 
brown  and  open  on  the  tree,  releasing  the  seeds. 
R.  pseudoacacia  begins  seed-bearing  at  about 
6  years  of  age,  and  produces  good  crops  at  1-  to 
2-year  intervals  (7,  17).  Seeds  contain  no  endo- 

sperm (fig.  3). 

R.   fertilis 
bristly   locust 

R.  hispida 
rose-acacia  locust 

ii^i 

iHH     'iP R.  neomexicana 
New-Mexican  locust 

R.  pseudoacacia 
black  locust 

Figure  2. — Robinia:  seeds,  4  x.  The  speckled  and  mot- 
tled appearance  of  the  seed  of  R.  hispida  (rose-acacia 

locust)   occurs  also  in  other  species  of  Robinia    {1I^). 

R.  fertilis 

bristly  locust 

Figure  3. — Robinia  pseudoacacia,  black  locust:  seeds, 
8  Ys.  A,  exterior  view;  B,  longitudinal  section;  C, 
cross  section. 

R.  hispida 

rose-acacia 

locust 

R.  pseudoacacia 
black  locust 

R.  neomexicana 
New-Mexican  locust 

Figure  1. — Robinia:  legumes  (pods),  1   X. 

Collection  of  fruits,  extraction,  and  storage  of 
seeds. — Collections  of  the  ripe  seed  should  be 
made  before  the  legumes  open.  Legumes  can  be 
picked  from  the  trees  by  hand  or  flailed  or 
stripped  onto  canvas  or  plastic  sheets  from  late 
August  throughout  the  winter  (table  2).  They 
should  be  spread  out  to  air-dry  and  then 
threshed  by  flailing  them  in  a  bag  or  by  running 
them  through  a  grain  separator  or  a  macerator. 
Chaff  and  light  seed  can  be  removed  by  fanning 
or  flotation  in  water.  R.  )icome.ric(nta  legumes 
should  be  collected  soon  after  ripening,  since 
they  open  rapidly  once  ripening  is  complete 
(17).  Number  of  seeds  per  pound  (table  3)  is 
similar   among   these   locusts.    Soundness   and 
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purity  of  seed  lots  is  high.  Purity  of  97  percent 
and  soundness  of  90  to  99  percent  have  been 
obtained  {17).  In  prolonged  storage,  dry  seeds 
retain  their  viability  for  10  years  or  more  if 

placed  in  closed  containers  at  32°  to  40°  F.  For 
periods  of  3  to  4  years,  open  storage  in  a  cool, 
dry  place  can  be  practiced  {17).  Seed  can  be 
stored  dry  and  sown  within  a  year  {22). 

light  straw  mulch  has  been  used  advantageously 
in  the  culture  of  R.  fertilis  in  New  York  (S). 
Germination  is  epigeal  (fig.  4).  Seedlings  of 
Robinia  have  large  roots,  and  raising  nursery 
beds  6  to  8  inches  facilitates  lifting.  One-year- 
old  seedlings  can  be  planted  successfully  on  most 
fertile  soils. 

Table  3. — Robinia:  cleaned  seeds  per  pound 
and  other  yield  data 

Yield  of  ripanpH 

SDecies                  seed  per  seedier         D^^a bpecies               100  pounds  ̂ ^^^Jf         source 

  
offruit  

P^""^   Pounds  Number 

R.  fertilis    23,000  16 
R.hispida    27,700  16 
R.  neomexicana                 20  21.600  14,15 
R.  pseudoacacia           15-33  '  24,000  15 

'  Range  was  16,000  to  35,000  seeds  per  pound  {15). 

Pregermination  treatment. — Dormancy  in  un- 
treated seeds  of  Robinia  is  entirely  due  to  im- 

permeable seedcoats.  Prompt  germination  can 
be  induced  by  proper  scarification.  The  three 
methods  of  scarification  which  have  proved  suc- 

cessful are  mechanical  scarification,  soaking  in 
concentrated  sulfuric  acid,  and  soaking  in  hot 
(boiling  or  nearly  boiling)  water  {1,  9,  17,  20). 
Sulfuric  acid  treatment  is  the  most  effective  {9). 
A  preliminary  test  should  be  run  on  each  seed 
lot  to  determine  the  proper  soaking  time  (5). 
Predetermined  soaking  times  have  varied  from 
10  to  120  minutes  {3,  9).  Seed  should  be  drained 
and  thoroughly  flushed  with  water  after  acid 
treatment. 

Germination  tests. — Germination  tests  on 
scarified  seed  may  be  made  in  any  conventional 
medium.  After  10  to  40  days  at  diurnally  alter- 

nating temperatures  of  86°  (day)  and  68°  F. 
(night),  germination  capacities  of  several 
species  of  Robinia  ranged  from  10  to  93  percent 
{17,  18).  Light  is  not  required  for  germination 
{3,  J^).  Germination  capacity  depends  primarily 
on  the  effectiveness  of  the  scarification  treat- 

ment in  making  the  seedcoat  permeable  to  water 
without  damaging  the  embryo  (5). 
Nursery  practice. — Robinia  seeds  may  be 

drilled  in  rows  6  to  8  inches  apart  at  a  rate  of 
20  to  30  seeds  per  foot,  or  broadcast  in  fertile 
soil  from  March  to  May.  Seeds  should  be  covered 
with  about  Vi  inch  of  soil,  sand,  or  sand  and 
sawdust  {8,  17).  Seeds  should  be  treated  with  a 
nitrogen  inoculant,  especially  if  beds  have  been 
fumigated.  Mulching  is  not  mandatory,  but  a 

Figure   4. — Rohinia  pseudoacacia,   black   locust:    Seed- 
ling development  at  1,  3,  and  8  days  after  germination. 
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Rosaceae — Rose  family 

ROSA  L.  Rose 

by  John  D.  Gill  ̂   and  Franz  L.  Pogge 

Growth  habit,  occurrence  and  use. — The  ten 
species  discussed  here  (table  1)  include  eight 
low  or  medium  height  shrubs,  one  climbing  vine, 
and  one  trailing  vine.  All  are  deciduous  except 
wichura  rose,  a  semievergreen.  The  roses  gen- 

erally are  intolerant  of  shading  and  they  grow 
best  in  openings  of  various  kinds  or  along  wood- 

land borders.  All  ten  species  provide  food  and 
cover  for  wildlife.  At  least  24  species  of  birds 
and  mammals  eat  rose  fruits  (hips).  While  rose 
hips  are  seldom  highly  preferred  foods,  their 
persistence  on  the  plants  in  most  species  keeps 
them  available  to  wildlife  throughout  winter. 
Rose  stems,  twigs,  and  foliage  also  provide 
browse  for  at  least  13  species  of  mammals  (25). 
And  rose  thickets  provide  excellent  nesting  or 
escape  cover  for  many  kinds  of  birds  and  small 
mammals.  The  thicket-forming  roses  may  help 
control  erosion  and  most  species  have  suffici- 

ently attractive  appearances  for  environmental 

^  Northeastern  Forest  Exp.  Stn. 

forestry  uses.  Root  stocks  of  several  species, 
particularly  dog  rose  and  prairie  rose,  are  used 
for  grafting  horticultural  varieties.  The  ten 
species  described  here  are  evenly  divided  be- 

tween native  and  naturalized  species.  All  have 
been  cultivated  for  many  years  (33). 

Flowering  and  fruiting. — Flowers  are  bisex- 
ual and  are  borne  either  singly  or  in  groups  of 

two  or  three  in  most  species.  The  exceptions  are 
Japanese,  prairie,  and  wichura  roses  which  bear 
flat-topped  clusters  of  few  to  many  flowers. 
Blossom  color  is  usually  white  in  Japanese  and 
wichura  rose,  usually  pink  in  baldhip,  meadow, 
and  sweetbrier  roses,  and  may  range  from  pur- 

ple or  pink  to  white  in  the  remaining  five  spe- 
cies. Colors  of  ripe  fruits  range  from  orange-red 

to  scarlet,  and  those  of  R.  nnfkana  and  R.  seti- 
gera  are  sometimes  purple.  Flowering  and  fruit 
ripening  dates  vary  among  species  and  locations 
(table  2)  but  the  hips  of  all  species  remain  on 
the  plants  long  after  ripening.  The  seed  is  actu- 

ally an  achene  borne  within  a  fleshy,  berrylike 

Table  1. — Rosa:   noynenclature,  occurrence,  uses;  species  data  compilers 

Scientific  names  ^ 

and  synonyms   Common  names 
R.  blanda  Ait    meadow  rose, 

R.  fraxmifolia  Borkh.  smooth  wild  rose. 
R.  solanderi  Tratt. 
R.  subblanda  Rydb. 

R.  cariina  L        dog  rose     

R.  eglantaria  L    sweetbrier  rose, 
R.  rubiginosa  L.  eglantine. 

R,  gymnocarpa  Nutt.        baldhip  rose, 
R.  glaucodermis  Greene  little  wood  rose, 
R.  leucopsis  Greene  wood  rose. 
R.  prionofa  Greene. 

R.  muhiflora  Thunb.         multiflora  rose, 
7?.  intermedia  Carr.  Japanese  rose. 
R.  volyantha  Zieb.  and  Zucc. 
R.  wichurae  Koch. 

Occurrence 

Uses  ■ 

Species compiler 

Manitoba-Quebec,  south  to 
New  Brunswick,  Pennsyl- 

vania, northern  Ohio, 
Missouri,  and  Nebraska. 

Europe,  north  Africa  and  west 
Asia.  Range  extension: 
locally  Nova  Scotia  to 
New  York,  south  to  Virginia 
and  Tennessee. 

Europe.  Range  extension: 
eastern  United  States ;  west 
of  Cascade  Mountains, 
locally  elsewhere. 

Southern  British  Columbia 
east  to  northwestern  Mon- 

tana, south  to  southern 
Idaho,  central  California. 

East  Asia.  Range  extension: 
locally  in  eastern  United 
States  and  elsewhere. 

E,H,W    W.F.Johnston. 

E,H    P.O.Rudolf. 

H,W 

E,H 

C.  T.  Dyrness. 

P.  F.  Stickney. 

E,  H,  S,  W      F.  L.  Pogge. 
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Table  1. — Rosa:  nomenclaUire,  occurrence,  uses;  species  data  compilers — (Continued) 

Scientific  names  Common  names and  synonyms 

R.  nutkana  Presl    Nootka  rose, 
R.  columhiana  Rydb.  nutka  rose. 
R.  macdouglii  Holz. 
R.  muriculafa  Greene 
R.  spaldingii  Crep. 

R.  rugosa  Thunb.       rugosa  rose, 
R.  ferox  Ait.  hedgerow  rose. 
R.  regeUana  Andre  and  Lind. 

R.  setigera  Michx       prairie  rose, 
R.  ruhifoUa  Ait.  climbing  rose. 

Occurrence 

Uses^ 

Species 
compiler 

R.  wichiiraiann  Crep   
R.  bracteata  Hort. 
R.  hiciae  var.  w.  Koidz. 

R.  tvoodsii  Lindl.        
R.  fendleri  Crepin. 
R.  macoiinii  Greene 
R.  maximiliana  Nees 
R.  neomexicana  Cockerell 
R.  praetincta  Cockerell. 

Wichura  rose, 
memorial  rose. 

Woods  rose, 
Fendler  woods 
rose. 

Alaska  south  to  northern 
California,  east  to  Montana 
and  south  to  Utah,  Colorado. 

East  Asia.  Range  extension: 
Minnesota  to  Quebec,  Nova 
Scotia,  south  to  New  .Jersey, 
west  to  Great  Lakes  States. 

Texas  to  Florida,  north  to 
interior  New  York,  West 
Virginia,  Ohio,  Indiana, 
Missouri,  and  eastern 
Kansas.  Naturalized  to 
southern  New  England, 
eastern  New  York,  Michigan, 
and  elsewhere. 

Japan,  Korea,  Formosa, 
eastern  China.  Range 
extension:  locally  Virginia, 
Ohio,  and  elsewhere. 

British  Columbia  to  western 
Ontario  and  Minnesota, 
south  to  Missouri,  Nebraska, 
Arizona,  and  northern 
Mexico. 

E,H    P.  F.  Stickney. 

E,  H,W 

E,H 

F.  L.  Pogge. 

R.  F.  Watt. 

E,  H_ 

H,W 

F.  L.  Pogge. 

D.  R.  Dietz  and 

E.  C.  Gai-rett. 

E:  environmental  forestry,  H:  habitat  or  food  for  wildlife,  S:  shelterbelt,  W:  watershed. 

Table  2. — Rosa:  height  at  maturity  and  phe nolo gy  of  floioerbtg  and  fruiting 

Species 
Height 

at 
maturity 

Phenology 

Location 
Flowering 

dates 

Fruit  ripening 

dates 

Data 

source 
Feet 

R.  blanda    1-6 
R.  canina           1-10 
R.  eglanteria               3-10 
R.  gymnocarpa    1-9 

R.  muUiflora           1-10 1-10 

R.  nutkana           1-10 

R.  rugosa    3-6 
R.  setigera    '  1-15 
R.  wichuraiana    - 1 
R.  ivoodsii    1-3 

W.  Oregon 
N.  Idaho,  3,200  ft. 

May-June       Sept.-Oct   
June     Mid  Oct.     .._  . 
June-Julv     Sept.-Oct   
June  4-Julv  9    Aug.  20-Sept 

    Sept.-Oct.        May-July 
West  Virginia     June-July 
New  York        
N.  Idaho,  2,300  ft. 

2i,33,45 
33,48 

9 
23 

29 

10,33 

S.  Dakota,  5,500  ft. 

Sept.         
Aug      1 

do     Oct.-Nov       .  19 
June  1-20    Aug.  5-20    22 
May-July    Sept.      18,29 
May-Sept.       4 
May-July        Aug'    10,47 
July-Sept        4 
May  15-Aug.  1         July  1-Aug.  15  7 
June-Aug.  3S 

'  Climbing  growth  habit. 
"  Trailing  growth  habit. 

hip  (fig-s.  1,  2,  3).  The  number  of  achenes  per 
hip  is  quite  variable.  As  examples,  the  numbers 
in  baldhip  rose  are  usually  1-7  (14),  but  dog 
rose  hips  may  contain  about  16-26  achenes  (54). 
The  age  of  roses  at  first  flowering  is  not  well 
documented  but  is  probably  at  2-4  years  in  most 
species  (39,  9,  40).  Seed  crop  intervals  reported 

for  five  species  were  either  one  or  two  years  (40, 
30,  4-5, ').  Seed  dispersal  is  mostly  by  birds 
and  mammals.  Digestion  of  rose  achenes  by 
pheasants  and  sharp-tailed  grouse  reduced  total 
germinability  but  increased  germination  of 
those  seeds  which  passed  through  the  birds  with- 

out harm  (23). 
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R.  eglanteria sweetbriar  rose 

R.  gymnocarpa baldnip  rose 

R.  eglanteria 
sweetbriar  rose 

*i^ 

1 

R.  multiflora 
multiflora  rose 

R.  nutkana 
Nootka  rose R.  setigera 

prarie  rose 

Figure  1. — Rosa:  fruits  (hips),  2  X. 

Collection,  extraction  and  storage. — The  hips 
can  be  hand-picked  soon  after  the  dark  green 
color  fades  into  a  reddish  color  or  at  any  time 
thereafter.  Fruits  collected  shortly  after  ripen- 

ing may  germinate  more  readily  than  those  al- 
lowed to  dry  out  in  the  hip  (37).  Achenes  can 

be  extracted  by  macerating  the  hips  in  water 
and  allowing  the  pulp  and  empty  fruits  to  float 
away.  The  achenes  ("seeds")  can  either  be  sown 
immediately  after  cleaning,  air-dried  for  stor- 

age, or  placed  in  stratification.  Average  num- 
bers of  cleaned  seed  per  pound  range  from  24 

R.  multiflora 
multiflora  rose 

R.  nutkana 
Nootka  rose 

R.  setigera 

prarie  rose 

Figure  2. — Rosa:  seeds  (achenes),  8  X. 

to  84  thousand  (table  3).  Seeds  stored  dry  in 
sealed  containers  at  34°-38°  F.  have  shown  at 
least  fair  germination  after  2-4  years  (6,  16). 

Germination. — Rose  achenes  of  most  species 
exhibit  dormancy  which  is  primarily  due  to  con- 

ditions in  the  seedcoats  rather  than  in  the  em- 
bryo, but  nutka  rose  may  be  an  exception  {28). 

Excised  embryos  of  several  roses  have  germi- 
nated much  more  readily  than  entire  achenes 

(5),  and  various  scarification  treatments  have 
improved  germination  slightly.  However,  the 
practicality  of  sulfuric  acid  scarification  is 
doubtful  (15a).  Stratification  is  the  simplest 
effective  treatment  known  for  breaking  dor- 

mancy (21).  Cold  stratification,  at  about  40°  F,, 
for  varying  lengths  of  time  has  been  recom- 
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rSmm 

Figure    3. — Rosa    sctigera,    prairie    rose:    longitudinal 
section  through  an  achene,  16  X. 

Figure  4. — Rosa  blanda,  meadow  rose:   seedling  devel- 
opment at  1,  3,  6,  26,  and  41  days  after  germination. 

mended  for  all  ten  species  discussed  here  (table 

4).  Warm  stratification  preceding  the  cold  treat- 
ment was  recommended  for  dog  rose  and  woods 

rose,  and  merits  further  testing  among  other 

species  (21).  Wai*m  stratification  which  inter- 
rupted cold  stratification  induced  secondary  dor- 
mancy in  embryos  of  five  species  and  is  not  rec- 

ommended (41).  Germination  test  standards 

have  not  been  set  for  any  species  except  Jap- 
anese rose.  This  is  due  to  the  varying  time  re- 

quirements  among   species   for   after-ripening 

and  germination  (table  4).  Rose  seeds  have  been 
successfully  te.sted  by  the  excised  embryo  and 
tetrazolium  methods  (15,  20).  Germination  is 
epigeal  (fig.  4). 

Nursery  practice. — Freshly  cleaned  seeds  can 
either  be  sown  immediately,  warm-stratified  for 
sowing  later  in  the  fall,  stratified  over  fall  and 
winter  for  sowing  in  the  spring,  or  stored  dry 
for  use  within  1  to  4  years.  Seeds  in  cold  strati- 

fication can  be  examined  in  the  early  spring  and 
sown  if  they  show  signs  of  germination,  or  held 
in  stratification   until  the  following  spring  if 

Table  S.—Rosa:  cleaned  seeds  per  poinid  and  other  yield  data 

Species 

Place 

of collection 

Seeds  per 

100  pounds 
of  fruit 

Cleaned  seeds  per  pound 

Range Average 
Samples 

Data 

source 

R.  blaiida   
R.  canina     Europe     
R.  eglant.eria     _    _  Oregon   
R.  gymnocar'pa           
R.  multiflora   
R.niifkana   
R.  riigosa   
R.  setigera      Missouri   . . 
R.  wichuraiana      
R.  ivoodsii     _..  North  and  South 

Dakota. 

Pounds 

20 20-32 

10 

23 

Number 

37,000-53,000 
27,000-54,000 

50,000-82,000 
30,000-60,000 
52,000-74,000 

35,000-65,000 

Number 

34,000 31,000 

28,000 

50,000 
84,000 
50,000 

Number 
3 

20  + 

1 

3  + 

45 

12,13,30,32 
U 

29 

11,J*2 
28,29,42 

42.46 

40 

46 

7,27 

^  Yield  of  seed  per  bushel  of  fruit  (76  pounds)  was  17  pounds. 
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Table  4. — Rosa:  stratification  periods,  germination  test  conditions,  and  residts 

stratification 
Species                    Warm  Cold 

period  '  period  - 

Days  Days 

R.  blanda         0  180-270 
R.  canina       60  60 

90  150 
R.  eglanteria.      

R.  gymnocarpa         0  90 
R.  muUiflora         0  120 

0  28 
0  30 

R.nutkana         0  140 

R.  rugosa         0  90-120 
R.  setigera         0  30-120 
R.  wichnraiana         0  45 
Rosas^.         0  365 

'  Room  temperature. 
»84°-41°  F. 

'  With  light  for  8  hours  per  day  {20). 

Germination  test  conditions 

Temperature 
Day  Night 

Dura- 
tion 

Germinative 
energy 

Amount Period 

Germinative 
capacity Samples 

65 

41 

85 
86 
65 
70 
68 
65 
65 
68 

65 

41 

55 

50 65 

70 68 
65 
65 68 

Days         Percent 
30 

60+ 

60 570 

450 
90 
15 

'28 

15 

36 
180 
15 

15 

70 

20 

50 

40 

80 

71 

Days 15 

15 

15 

15 
15 

Percent 

53 
47 

34 
24 
40 
43 

63 
79 

Number 

3 
2 
2 

12 

3 
2 

2+ 

3 
3 

Data 

source 

35,  S6 

3U 

38 

6 

43 

29 

Ul 

17,20 

Ul 

28 
5,31 

35,  Ul 

Ul 

20 

they  do  not.  Seeds  can  either  be  broadcast  or 
sown  in  drills.  Planting  depths  recommended 
are  14  -  'Yi  inch  depending  on  size  of  the  seed 
{37,  26).  Oat  straw  4-6  inches  deep  {27)  or 
sawdust  {JfO)  have  been  successfully  used  as 
mulch. 
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Rosaceae — Rose  family 

RUBUS  L.  Blackberry,  raspberry 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence  and  use. — Rubus  in- 
cludes about  400  species  of  deciduous  or  ever- 
green, often  prickly,  erect  or  trailing  shrubs  or 

vines.  Most  species  are  native  to  the  cool,  tem- 

'  North  Central  Forest  Exp.  Stn. 

perate  regions  of  the  Northern  Hemisphere;  a 
few  are  found  in  the  tropics  and  the  Southern 
Hemisphere.  Many  species  are  cultivated  for 
their  fruit,  flowers,  or  foliage,  and  nearly  all 
provide  food  and  shelter  for  wildlife.  Because 
they  grow  well  even  on  barren  and  infertile 

Table  1. — Rubus:    nomenclature,  occurrence,  and  uses;  data  co7npilers 

Scientific  names  ^  „ 

and  synonyms   Common  names 
R.  allegheuiensis  Porter    Allegheny  black- 

berry, sow-teat blackberry. 

R.  canadensis  h.  smooth  blackberry, 
R.  millspaughii  Britt.  thornless  black- 
R.randii  (Bailey)  Rydb.  berry,  mountain 
R.  amabilis  Blanchard.  blackberry. 

R.  flagellarisWiUd.        northern  dewberry, 
R.  willosiis  Bailey  common  dewberry, 
R.  procumbens  whip  blackbeiTy. 

(many  authors). 
R.  hispidus  L           swamp  dewberry, 

R.  obovaUs  Michx.  running 
R.  senipervirons  Bigel.  blackberry. 

R,  idaeus  L     red  raspberry   

R.laciniatus  (West)  Willd    cutleaf  blackberry, 
R.  fruticosus  var.  evergreen 

lacmiatus  West.  blackberry. 
R.  vulgaris 

Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

K.  niacropetalis  Hook.. 

R,  occidentalis  L   

R.  odoralus  L.  .    
Riibacer  odorafus  Rydb. 

R.  procerus  P.  J.  Muell   
R.  macrosfemon  Focke. 

R.  spectahilis  Pursh.        
R.  stenopefalus  Cham. 
Parmena  spectabilis  Greene. 

trailing  blackberry. 
Pacific  blackberry. 

blackcap  raspberry, 
black  raspberry, 
thimbleberry. 

fragrant  thimbleberry, 
flowering  raspbeny, 

purple-flowering raspberry. 
Himalaya  blackberry 

salmonberry 

New  Brunswick  to  Minnesota,      H   
south  to  Missouri,  Arkansas, 
east  to  North  Carolina. 

Newfoundland  to  Ontario  and       H   

Minnesota,  south  to  Ten- 
nessee and  Georgia. 

Maine  to  Minnesota,  south  to        H,  W_ 
Missouri  and  Virginia. 

Prince  Edward  Island  to 
Ontario,  south  to  Wisconsin, 
east  to  Maryland  and 
mountains  of  North  Carolina. 

Newfoundland  to  Ontario  and 
South  Dakota,  east  to  New 
York.  Also  Europe  and 
east  Asia. 

Old  world  origin.  Escaped 
from  cultivation  Massachu- 

setts to  Michigan  and 
southward.  Also  west  of 
Cascade  Mountains  from 
British  Columbia  to 
California. 

British  Columbia  to  Cali- 
fornia and  Idaho. 

New  Brunswick  to  Minnesota, 
south  to  Colorado,  east  to 
Georgia. 

Southern  Quebec  to  Ontario, 
south  to  Michigan  and  east 
to  Georgia. 

Europe.  Naturalized  Delaware 
to  Virginia,  southern  British 
Columbia  to  California 
west  of  Cascade  Mountains. 

Alaska  to  Idaho  and 
California. 

H,W. 

H 

H 

H 

H 

H 

R.  L.  Barnes. 

T.  J.  Grisez. 

Do. 

Do. 

G.  D.  Erdmann. 

M.  A.  Radwan. 

Do. 

G.  E.  Erdmann. 

T.  J.  Grisez. 

H,  W,  E.    C.  T.  Dyrness. 

H,  W-         A.S.Harris. 

'  H :  habitat  or  food  for  wildlife,  W :  watershed,  E  :  environmental  forestry. 
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soils,  some  species  are  valuable  for  erosion  con- 
trol on  denuded  sites.  Fruit  and  bark  of  the 

roots  and  stems  have  medicinal  properties  (13). 
Natural  hybrids  occur  frequently,  making 
identification  difiicult.  Some  native  species  have 
been  used  as  breeding  material  for  improved 
varieties  (3).  The  distribution  and  uses  of  11 
species  are  shown  in  table  1. 

Geographic  races. — Because  of  the  wide  nat- 
ural ranges  of  species  such  as  Rubiis  idaeus  and 

R.  occidentalis,  it  is  probable  that  geographic 
races  exist,  especially  in  cultivated  forms.  For 
example,  the  American  varieties  of  R.  idaeus  are 
hardier  in  cultivation  than  those  from  Europe 
(26). 

Flowering  and  fruiting. — The  perfect  flowers 
bloom  in  the  spring  or  summer  (table  2).  The 
fruit,  which  ripens  unevenly  in  the  summer  or 
early  fall,  is  an  aggregate  of  small,  usually 
succulent  drupes  (fig.  1),  each  containing  a 
single  hard-pitted  nutlet  (seed)  (fig.  2).  Seeds 
have  a  negligible  amount  of  endosperm  (fig.  3). 
Natural  dispersal  is  mostly  by  birds  and  mam- 

mals (2If).  Good  seed  crops  occur  nearly  every 

year.  Although  most  fruits  are  either  red  or 
black  at  maturity  (table  3),  varieties  of  some 
species  produce  yellow  to  orange  fruit  {6,  19). 

Collection  of  fruits. — When  ripe,  Rubus  fruits 
should  be  picked  from  the  plants  by  hand  to 
reduce  losses  to  birds  and  other  animals. 
Because  they  ripen  over  a  period  of  several 
months,  only  a  few  fruits  may  be  mature  on 
each  plant  at  one  time. 

Extraction  and  storage  of  seeds. — Seeds  may 
be  extracted  by  macerating  the  fruit  in  water, 

then  floating  off'  or  screening  out  the  pulp  and 
empty  seed  (26).  Small  lots  of  fruit  may  be 
covered  with  water  and  macerated  in  a  blender 
until  the  pulp  and  fiber  are  separated  (15). 
Additional  water  is  then  added,  the  sound  seeds 
allowed  to  settle,  and  the  pulp  and  empty  seeds 
poured  off.  Several  changes  of  water  will  yield 
cleaner  seed.  The  cleaned  seed  should  be  dried 
before  storage,  and  will  keep  for  several  years 
at  41"  F.  in  an  ordinary  refrigerator.  Seed  of 
R.  idaeus  stored  this  way  showed  little  germi- 

nation loss  after  a  year  (25).  Seed  yield  data 
are  shown  in  table  4. 

Table  2. — Rubus:   phenology  of  flowering  and  fruiting 

Species Location 
Flowering" dates 

Fruit  ripening 
dates 

Seed  dispersal 
dates 

Data 

source 

R.  allegheniensis 
R.  canadensis   
R.  flagellaris   
R.  hispidus   
R.  idaeus   
R.  laciniatus       , 

R.  macropetalus. 
R.  occidentalis   
R.  odorafus   
R.  procerus   
R.  spectabilis   

northeastern  United 
States. 

Pacific  Coast   

May  to  July   
June  to  July     
May  to  July   
June  to  early  Sept. 
Late  May  to  July 
June  to  Aug. 

June  to  July.- 
     April  to  June, 
       April  to  July.- 
       -          June  to  Sept. 
Washington       June        
Alaska                Mav  to  June 

Aug.  to  Sept. 
July  to  Sept. 
June  to  Sept. 
Mid-Aug.  to  Oct. 
Late  June  to  Oct. 
July  to  Oct. 

Aug.  to  Sept. 
June  to  Aug. 
June  to  Aug. 
July  to  Sept. 
Aug.  to  Sept. 
June  to  Aug. 

Aug.  to  Sept. 
July  to  Sept. 
June  to  Sept. 

Aug.  to  Oct. 
July  to  Oct. 

Sept.  to  Oct. 
Oct.  to  Nov. 
July  to  Sept. 
June  to  Aug. 

July  to  Sept. 

June  to  Aug. 

Table  3. — Rubus:  height  or  length  at  maturity  and  fruit  ripeness  criteria 

6 

2,6,19 
2,6 
2,6 6 
6 18 

18 

6,19 
6,19 

5 
8 

Species 
Growth 
habit 

Height 
or  length at 

maturity 

Year  of 
first 

culti- 
vation 

Fruit  ripeness  criteria 

Preripe 
Ripe 

Data 
source 

R.  allegheniensis     Shrub 
R.  canadensis   do.. 
R.  flagellaris       ..  Vine... 
R.  hispidus       do.. 
R.  idaeus   _..      Shrub.. 
R.  laciniatus      Vine  .. 
R.  macropetalus^            do 
R.  occideyitalis    Shrub 
R.  odoratus-       do 
R.  procerus        Vine 
R.  spectabilis  -    Shrub 

Feet 
G 1905 

9-10 
1727 

6-15 1809 
6-8 
5-6 

10-15 1770 
15-20 

5-7 
1696 

5-6 1635 

20-30 1890 
10-15 1827 

Red,  hard    Black-purple      6 
  do        Black,  soft    6,19 
  do   do            6,19 
  do     Reddish-purple  to  black       2,  6, 19 
Pink,  hard        Red,  sweet    6,19 
Dull  red    Black,  sweet,  shining    18 
Red,  hard     Black,  shining     18 
Bright  red,  hard  ..   Purple-black,  soft        20 
Pink,  hard     Red,  soft    6 
Red,  hard      ..  Black,  soft          5 
Pink,  hard  Orange  or  red            8,llf 
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R.  a/legheniensis 
Allegheny  blackberry 

R.  canadensis  R.  hispldus 
thornless  blackberry  swamp  blackberry 

R.  procerus Himalaya  blackberry 

R.  parviflorus 
western  thimbleberry 

R.  macropetalus 
trailing  blackberry 

Figure  1. — Rubus:  fruits,  2  x. 

Pregermination  treatments. — Seeds  of  many 
Rubus  species  are  slow  to  germinate  because 
they  have  a  hard,  impermeable  coat  (endocarp) 
combined  with  a  dormant  embryo.  R.  odoratus 
and  possibly  R.  idaeus  will  germinate  after  cold 
treatment  for  120  days  or  longer  (1,  7),  but  the 
other  listed  species  require  warm  stratification 
(86^-68°  F.)  for  90  days  followed  by  cold  strati- 

fication (36°-41°  F.)  for  90  days  as  minimum 
treatments  {10,  11,  25,  27).  Germination  of 
seeds  of  both  blackberries  and  raspberries  was 
improved  when  they  were  scarified  with  either 
sulfuric  acid  for  20  to  60  minutes  or  a  1-percent 
solution  of  sodium  hyperchlorite  for  7  days 
before  they  were  subjected  to  warm  plus  cold 
stratification    (22).   Heit    (9)    recommended  a 

Table  4. — Rnbus:    cleaned  seeds  per  pound  and  other  yield  data 

Species 
Place  of 
collection 

Seed  yield 

per  100 
pounds  of fruit 

Cleaned  seeds  per  pound 

Range 
Average      Samples 

Data 

source 

R.  allegheniensis. 
R.  canadensis   
R.  flagellaris   
R.  hispidus     
R.  idaeus   
R.  laciniatus   
R.  macropetalus -- 
R.  occidenlalis   
R.  odoratus       
R.  procerus   
R.  spectabilis   

New  England 

Minnesota     
Washington   
Washington     
Minnesota 
Pennsylvania,  1250  ft. 

Alaska   

Pounds 
4 
4 

3 
0.7 
5.8 
3-8 

Number 

168,000-329,000 
208,000-225,000 

128,000-233,000 
303,000-384,000 

286,000-384,000 

Number      Number 
262.000 

216,500 
131,000 
185,500 
328,000 
137,000 
384,000 
334,000 
493,000 
147,000 
143,000 

16,23,25,27 

7, 16,  23 

16 

7,16 
25 

18 
18 

23,25 7 
i 
27 
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R.  allegheniensis 
Allegheny  blackberry 

R.  canadensis 
thornless  blackberry 

R.  hispidus 
swamp  blackberry 

R.  laciniatus 
cutleaf  blackberry 

i 

R.  maCropetalus  R.  occidentalis  R.  odoratus  R.  procerus  R.  spectabilis 
trailing  blackberry       blackcap  raspberry      fragrant  thimbleberry      Himalaya  blackberry  salmonberry 

Figure  2. — Rubus:  nutlets  (seeds),  12  x. 

50-  to  60-minute  soak  in  sulfuric  acid  plus  30- 
to  90-day  cold  stratification  for  seed  to  be  sown 
in  the  spring.  The  cold  treatment  can  be  elimi- 

nated for  fall-sown  seed.  Under  natural  con- 
ditions, the  seeds  mature  early  in  the  summer 

so  the  warm  and  cold  treatments  follow  seedfall. 
However,  the  prompt  invasion  of  cutover  lands 

by  Rubtis  indicates  that  the  seeds  remain  viable 
in  the  soil  for  several  years  (17,  21). 

Germination  tests. — Pretreated  seed  can  be 

tested  in  sand  or  in  a  germinator  at  86°  (day) 
and  68  F.  (night)  for  30  to  60  days  (table  5). 

A  range  of  50°  to  77°  F.  is  equallv  suitable  for R.  idaens  {25). 

Table  5. — Rubiis:   germination  test  conditions  and  results 

Germination  test  conditions Germinative 
energy 

Germinati 
capacity ve 

Purity 

Species 

Daily 

light Medium Temperature 

Dura- 

Data 

period 

Day 

Night tion Amount Time 

Average 
Samples 

Hours 

°F. 

°F. 

Days 
Percent 

Days 
Percent Number Percent 

R.  allegheniensis 8 Peat  or 

germinator. 

86 68 60-80 13 20 37 6 

92 

11,27 

R.  idaeiis     8 Sand   86 68 30 

70 

10 87 6 99 26 
R.  macropetalus Perlite      _ 86 

68 

30-40 

56 

1 

27 

R.  occidentalis     . 8 
Sphagnum or  sand. 

78-80 68-70 30-40 44-78 7-8 64 4 83 25 

R.  odoratus   8 Sand  or 

germination 

paper. 

68-74 68-74 40-70 

60 

28 69 4 
1,  7 

R.  procerus   8 Germinator   86 

68 

54 

15 

51 

33 70 99 27 
R.  spectabilis   _ 8 Germinator   86 

68 

45 

31 28 32 1 98 26,  27 
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Figure  3. — Rubus  canadensis,  smooth  blackberry:   lon- 
gitudinal section  through  a  seed,  36  X. 

Nursery  practice. — Best  germination  usually 
follows  late  summer  or  early  fall  sowing  of 
scarified  seed  (28),  although  spring  sowing  of 
scarified  and  stratified  seed  is  also  recommended 
(9).  Seed  should  be  sown  in  drills  and  covered 
with  ]i  to  Yxo  inch  of  soil  (26).  Mulching  over 
winter  reduces  drying  and  soil  freezing  (12). 
Germination  is  epigeal  (fig.  4). 
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Palmae — Palm  family 

SABAL  Adans.  Palmetto 

by  David  F.  Olson,  Jr.,'  and  R.  L.  Barnes  ̂  

Growth  habit,  occurrence,  and  use. — Sabal  is 
native  to  the  Western  Hemisphere  and  is  distri- 

buted from  the  Bermuda  Islands  and  the  South 
Atlantic  and  Gulf  States  through  the  West 
Indies  to  Venezuela  and  Mexico  (7).  Of  the  four 
species  of  Sabal  that  inhabit  the  Southeastern 
United  States,  two  are  included  here,  Sabal 
pahnetto  (Walt.)  Lodd.  and  Sabal  etonia 
Swingle.  S.  yahnetto  has  tree  form  and  attains 
a  height  at  maturity  of  40  to  90  feet  (7).  S. 
etonia  is  a  low  palm  with  a  subterranean  stem 
(5).  Sabal  palmetto  (Walt.)  Lodd.  has  also  been 
designated  as  Sabal  jamesiana  Small,  Inodes 
palmetto  (Walt.)  0.  F.  Cook,  and  Coriipha  pal- 
7netto  Walt.  The  accepted  common  name  is  cab- 

bage palmetto.  The  range  of  cabbage  palmetto 
is  from  North  Carolina  to  south  Florida,  in  low 
flatwoods  and  on  offshore  islands  in  the  north, 
and  becoming  common  throughout  the  lower 
part  of  the  Florida  peninsula.  Cabbage  palmetto 
has  few  commercial  uses,  but  is  used  extensively 
by  rural  residents  for  a  variety  of  purposes,  the 
trunk  for  timber,  the  bud  for  food,  and  the 
leaves  for  craft  weaving.  Cabbage  palmetto  has 
been  planted  widely  as  an  ornamental.  It  has  no 
forage  value  and  only  limited  usefulness  for 
wildlife.  In  contrast  to  the  cabbage  palmetto, 
Sabal  etonia  Swingle  has  a  low,  spreading  form, 
and  attains  a  height  at  maturity  of  about  5 
feet  (/,  5).  This  sjjecies  has  no  other  scientific 
names.  S.  etonia  is  known  commonly  as  etonia 
palmetto  or  scrub  palmetto.  Etonia  palmetto  has 
a  restricted  range  in  the  dry  pinelands  and  scrub 
of  central  Florida  (8).  The  bud  is  eaten  as  a 
salad  vegetable.  The  fruits  are  eaten  by  animals 
and  birds. 

Flowering  and  fruiting. — The  perfect  flowers 
of  S.  palmetto  are  about  14  inch  in  diameter, 
white,  and  are  borne  in  drooping  clusters  5  to  6 
feet  long  from  .June  to  August,  depending  upon 
latitude  (7,  9, 11).  The  flowers  are  pollinated  by 
insects  (^).  The  fruit  is  a  berry,  subglobose  or 
slightly  obovoid,  about  V^^  inch  (8  mm.)  in  di- 

ameter. The  fruit  is  dark  brown  to  black  in 
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color,  and  ripens  in  late  autumn  or  winter  {1). 
Each  fruit  contains  one  light  brown  seed  about 
1/4  inch  (6  mm.)  in  diameter  (7).  Fruits  and 
seeds  of  5.  etonia^  are  slightly  larger  (fig.  1). 
Embryos  are  minute  (fig.  2). 

Collection  of  fruits  and  extraction  of  seed. — 
The  fruits  of  these  palms  may  be  picked  from 
the  plants  when  ripe,  and  the  seeds  separated 
from  the  pulp  by  running  them  through  a 
macerator  or  rubbing  them  on  hardware  cloth. 
The  purity  of  seed  samples  was  100  percent  for 
seed  lots  used  to  determine  number  of  seeds  per 
pound  (10)   (table  1). 

Germination  tests. — The  seed  of  Sabal  require 
no  pretreatment  to  break  dormancy,  but  30  days 
stratification  in  moist  sand  at  38°  F.  increases 
the  speed  of  germination.  For  example,  the 
average  germinative  capacity  of  four  samples 

S^  •• 
5.  etonia 
Etonia  palmetto 

^    #        #    # 

S.  palmetto 
cabbage  palmetto 

Figure  1. — Sabal:  left,  fruits,  and,  right,  seeds,  all  at 1  X. 
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Table  1. — Sabal:  cleaned  seeds  per  pound  and  seed  moisture  content  when  covnted 

Species 
Range Average 

Samples 
Moisture 
content 

Data 

source 

S. etonia   

S.  ■palmetto- 

Number 

1,668-1,682 

Number 

1,280 
1,675 

Num  ber 

8 
2 

Percent 

9.8 19.3 10 

2,10 

of  fresh,  unstratified  Sabal  palmetto  seed  was 
91  percent  in  120  days  {10).  Four  samples  of 
stratified  seed  had  an  average  germinative  ca- 

pacity nearly  as  high  (89  percent)  in  half  the 
time  {10).  The  tests  were  carried  out  at  an 
alternating  day-night  temperature  regime  of 
86°-68°  F.  with  8  hours  of  daylight.  Unstratified 
seed  of  Sabal  etonia.  averaged  72-percent  ger- 

mination in  82  days  at  a  constant  temperature 
of  72°  F.,  and  only  64-percent  germination  in 
the  same  period  with  alternating  86°-68°  F.  for 
8  and  16  hours,  respectively  {10).  Each  tem- 

perature series  was  based  on  16  samples  of  100 
seeds  each.  Germination  tests  were  conducted 
for  Sabal  palmetto  in  south  Florida  on  seed  that 
had  the  micropyle  cap  removed  and  on  untreated 
seed  {6).  The  germination  percent  was  84  to  95 
percent  in  4  days  with  the  micropyle  cap  re- 

moved, and  only  36  percent  in  100  days  for 
untreated  seed. 

Nursery  practice. — The  seed  should  be  planted 
1/2  to  1  inch  deep  in  light  textured  soil,  soon 
after  collection  {3).  The  seed  should  not  be 
permitted  to  dry. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Bailey,  L.  H. 
1939.  The  standard  cyclopedia  of  horticulture. 

3  vols.,  3,639  p.  The  Macmillan  Co.,  New 
York. 

(2)  Barnes,  R.  L. 
Correspondence,  1969.  Duk*.'  Univ.  Sch.  For., 

Durham,  N.C. 
(3)  Jordann,  A.  C. 

1949.  Observations  on  the  propagation  of 
palms.  Florida  State  Hortic.  Soc.  Proc.  62: 
240-242. 

(4)  Knuth,  Paul. 

1906-09.  Handbook  of  flower  pollination. Clarendon  Press,  Oxford. 
(5)  McCurrach,  J.  C. 

1960.  Palms  of  the  world.  Harper  and  Bros., New  York. 
(6)  Meskinien,  George. 

Data  filed  1968.  USD  A  Forest  Service,  South- 
east. Forest  Exp.  Stn.,  Lehigh  Acres,  Fla. 

r9mm. 

^0 

Figure  2. — Sabal  etonia,  etonia  palmetto:   longitudinal 
section  through  the  embryo  of  a  seed,  8  X. 

(7)  Sargent,  C.  S. 
196.5.  Manual  of  trees  of  North  America  (ex- 

clusive of  Mexico).  Ed.  2,  corrected  and  re- 
printed, 934  p.  Dover  Publ.,  Inc.,  New  York. 

(8)  Small,  J.  K. 
1933.  Manual  of  southeastern  flora.  Publ.  by 

author.  New  York. 

(9)  Snyder,  Ethel. 
1952.  Florida  trees.  Ed.  2.  Publ.  by  author, 

Sanibel,  Fla. 

(10)  USDA  Forest  Service. 
Data  filed  1970.  Eastern  Tree  Seed  Lab., 

Macon,  Ga. 

(11)  West,  Erdman,  and  Arnold,  L.  E. 
1947.  The  native  trees  of  Florida.  212  p. 

Univ.  Florida  Press,  Gainesville. 
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Salicaceae — Willow  family 

SALIX  L.  Willow 

by  Kenneth  A.  Brinkman  ' 

Growth  habit,  occurrence  and  use. — The  wil- 
lows consist  of  about  300  species  of  deciduous 

trees  and  shrubs  widely  distributed  in  both 
hemispheres  from  the  Arctic  region  to  South 

North  Central  Forest  Exp.  Stn. 

Figure  1. — Salix  sp. :  three  stages  in  the  opening  of  a 
capsule,  2  X. 

Africa  and  southern  Chile.  Hybrids  are  numer- 
ous. Of  some  70  North  American  species,  about 

30  attain  tree  size  and  form,  and  many  are 
valuable  for  wood  products.  Nearly  all  species 
produce  browse  for  animals  and  are  useful  in 
stabilizing  streambanks  and  improving  fish 
habitat  (-5).  Occurrence  and  uses  of  12  of  the 
more  common  species  are  described  in  table  1. 

Flowering  and  fruiting. — Staminate  and  pis- 
tillate flowers  are  borne  in  catkins  on  separate 

trees,  usually  appearing  before  or  with  the 
leaves  (table  2).  The  fruit,  a  capsule  (fig.  1) 
occurring  in  elongated  clusters,  contains  many 
minute,  hairy  seeds  (figs.  2  and  3).  These 
usually  ripen  in  early  summer,  but  seeds  of  some 
species  mature  in  the  fall.  Seeds  are  dissemi- 

nated by  wind  or  water. 
Collection  of  fruits. — Willow  seed  must  be  col- 

lected as  soon  as  the  fruits  ripen — when  the 
capsules  turn  from  green  to  a  yellowish  color 
(table  3).  Frequent  observations  are  necessary 

rfj.,xMfV5iS2^ 

-Imm 

Figure  2. — Salix  fragilis,  crack  willow:  A,  exterior  view 
of  seed  with  cotton,  showing  corona;  B,  longitudinal 
section  of  seed  showing  embryo;  C,  cross  section  of 
seed,  all  at  14  x. 

Figure  3. — Salix  scoulcriana,  Scouler  willow:  longitu- 
dinal section  through  a  seed,  70  x. 
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Table  1. — Salix:  nomenclahire,  occurrence,  and  uses;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses  ■ 

Data  compilers 
for  the  species 

S.  amygdaloid es  Anderss. 
iS.  wrightii  Anderss. 
S.  amygdaloides  var. 

wrightii  (Anderss.) 
Schneid. 

S.  bebbiana  Sarg   

S.  pevosf7-ata  Rydb. 
iS.  bebbiana  var.  perro- 

strata  (Rydb.) 
Schneid. 

S,  caroliniana  Michx   

S.  longpi-pes  Shuttlew. 
ex  Anderss. 

S.  wardii  (Bebb)  Bebb. 
S.  discolor  Muhl.     

S.  priyioides  Pursh. 

S.  exigua  Nutt      
S.  ftuviatilis  var.  exigua 

(Nutt.)  Sarg-. S.  nevadensis  S.  Wats. 
S.  luteosericia  Bebb. 

S,  fragilis  L       
S.  viridis  Fries. 
■S.  russeUiana  Smith. 

S.  interior  Rowlee   
S.  longifolia  Muhl. 

S.  lasiandra  Benth.   
S.  lancifolia  Anderss. 
S.  lasiandra  var.  huici- 

folia  [Anderss.] 
Bebb. 

S.  nigra  Marsh   
S.  falcafa  Pursh. 
S.  nigra  var.  aUissima 

Sarg. 

S.  petiolaris  J.  E.  Sm.       ̂  
S.  gracilis  Anderss. 

S.  rigida  Miihl.   
S.  cor  data  Miihl. 
S.  eriocephala  Michx. 
S.  inissoiiriensis  Bebb. 

S.  scouleriana  Barra  H. 
S.  nuttallii  Sarg. 
S.  scouleriana  var. 

flavescens  (Nutt.) 
J.  K.  Henry. 

peachleaf  willow, 
almond  vdllow, 

almondleaf  wal- 
low, peach  val- \ow,  Wright 

willow. 

Bebb  willow, 
beaked  willow, 

long-beaked 
willow. 

Coastal  Plain  wil- 
low, Ward  wil- low. 

pussy  willow, 
glaucous  willow, 
silver  pussy 
willow. 

coyote  willow, 
basket  willow, 

naiTOwleaf  wil- 
low, sandbar 

willow,  slender 
willow. 

crack  willow, 
brittle  willow. 

sandbar  willow 

Pacific  willow, 
black  willow, 
red  willow, 
western  black 
willow. 

black  willow, 
swamp  willow. 

meadow  willow, 
slender  willow. 

Missouri  River  wil- 
low, cordata  wil- 
low, diamond 

willow,  Missouri 
willow. 

Scouler  willow, 
black  willow, 
fire  willow, 
mountain  willow, 
Nuttall  willow. 

H,  W,  E 

T,  H,  E 

H,  E 

H,  W.  E 

Southern  Quebec  west  to  south- 
eastern British  Columbia, 

south  to  eastern  Washington, 
Nevada,  and  Arizona,  east  to 
Kentucky  and  Pennsylvania. 

Newfoundland  west  to  Hudson 

Bay  and  Alaska,  south  to  cen- 
tral California  and  New  Mex- 
ico, north  to  Montana  and  east 

to  Iowa,  Maryland,  and  New 
England. 

Maryland  to  eastern  Kansas, 
south  to  eastern  Texas  and 
east  to  southern  Florida.  Also 
in  Cuba. 

Newfoundland  west  to  central 
British  Columbia,  south  to 
Idaho,  east  to  Delaware,  and 
in  mountains  south  to  eastern 
Tennessee. 

Montana,  Alberta  to  British 
Columbia  and  Washington, 
south  to  southern  California, 
east  to  western  Texas  and 
western  South  Dakota. 

Europe  and  eastern  Asia;  some- 
times naturalized  in  eastern 

United  States  and  southeast- 
ern Canada. 

Eastern  Quebec,  west  to  central 
interior  Alaska,  south  to  east- 

ern Colorado  and  New  Mexico, 
east  to  Louisiana,  Tennessee, 
and  Maryland.  Also  in  north- 

ern Mexico. 

Saskatchewan  to  interior  Alaska,   H,  W 
south  to  southern  California, 
east  to  New  Mexico,  and  north 
to  Wyoming  and  Idaho. 

New  Brunswick  to  eastern  Min-      T,  H,  E 
nesota,  south  to  eastern  Kan- 

sas and  southern  Texas,  east 
to  northern  Florida.  Also  in 
northern  Mexico. 

New  Brunswick  west  to  Alberta,     T,  H 
south  to  Colorado,  east  to 
New  Jersey. 

Southern  Newfoundland  to  east-     H,  W,  E 
ern  Saskatchewan  and  Mon- 

tana, south  to  Kansas,  east 
to  Virginia. 

Saskatchewan  to  southern  H,  W,  E 
Alaska, south  to  southern 

California,  east  to  New  Mex- 
ico, north  to  Montana. 

T,  H,  W,  E     William  F.  Johnston. 

R.  J.  Hoff ,  G.  I.  Mc- Donald, and  D.  S. 
Andrews. 

Robert  L.  Barnes. 

William  F.  Johnston. 

R.  J.  Hoff,  G.  I.  Mc- 
Donald, and  D.  S. 

Andrews. 

T,  H,  W,  E      Paul  0.  Rudolf. 

H,  W,  E William  F.  Johnston. 

R.  J.  Hoff,  G.  I.  Mc- Donald and  D.  S. 
Andrews. 

William  P.  Johnston. 

William  F.  Johnston. 

R.  J.  Hoff,  G.  I.  Mc- Donald and  D.  S. 
Andrews. 

R.  J.  Hoff,  G.  I.  Mc- Donald and  D.  S. 
Andrews. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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Table  2. — Salix:   phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 

dates 

Seed  dispersal 
dates 

Data 

source 

S.  amygdaloides. 

S.  bebbiana   
S.  caroliniana   

northeastern  Minnesota    May-June. 
   April-May. 

North  Carolina,  South  Carolina 

S.  discolor. 

April-June    . 
March-April 
May   .-. 
May..,   

May-June  .. 
March-April. May-June. 

S.  exigua... 
S.  fragilis.. 
S.  interior. 

S.  lasiandra . 
S.  nigra   

S.  petiolaris. 
S.  rigida   

S.  scouleriana 

northern  Ontario  and  British 
Columbia. 

             March-April  April-May..    . 
       May-July     June-July   
United  States  and  Europe    April-May      May-June   
northern  Ontario...            August  13   
       May-June 
       April-May    June-August 
In  north....       February-April    April-May..  . 
In  south       May-June    June-July   
         May-June    June-July   
northeastern  Minnesota  and  April-June    June   

northern  Ontario. 
   March-April   
       April-June     .        May-July   

April-May June-July. 

Mav-June.. 

May-June   June-August 

April-May   June-July   
June-July   

May-July. 

9 

4,16 

7 
13 

hU 

3,U 

4,15 

7 

10,16,18 3 

4,9,  19 

6 

9,11,12 
9,11,15 
3,4,8 

3,  9 
4 
6 

Table  3. — Salix:  height,  seed-bearding  age,  and  fridt  ripeness  criteria 

Height 
at 

maturity 

Year  of 
first 

culti- vation 

Seed-bearing  age 

Mini-         Data 
mum        source 

Fruit  ripeness  criteria 

Species 
Preripe 

color 
Ripe 
color 

Data 
source 

S*.  amygdaloides  .. 

Feet 

60 15 
30 
40 
10 

100 

20-30 
20-60 

90-100 
10-20 

45 
35-40 

1895 

1809 
(long) 
1873 
1883 
1809 
1802 
1812 
1918 

Years 

"I 

2 

10 

6 
17 

Tl,  15 

S.  bebbiana     Green   ..  Yellowish... 
..   Pale  yellow, 
-  Yellowish... . 
  do   

6 
S.  caroliniana Green.. 

2,20 
S.  discolor   
S.  exigua   
S.  fragilis 

Green   
  do...... 

17 
5 

S.  interior       
S.  lasiandra   
S.  nigra   
S.  petiolaris   . 

Green   
do....... 

.  Yellowish   
  do   

6 
17 

S.  rigida   
S.  scouleriana. 

Green   .  Yellowish... . 15 

Table  4. — Salix:    cleaned  seeds  per  pound 

Species 
Place  of 
collection 

Cleaned  seeds 

per  pound 

Samples 
Data 
source 

S.  amygdaloides 
S.  bebbiana   
S.  caroliniana.. 
S.  exigua   
S.  fragilis.....   
S.  lasiandra   
S.  petiolaris   
S.  scouleriana... 

Thousands 
Minnesota     _      2,600 
Idaho,  2,500  feet        2,500 
South  Carolina        8,300 
Washington,  2,000  feet    10,000 
Minnesota            3,200 
Idaho,  2,500  feet        11,500 
Minnesota    500 
Idaho,  2,500  feet          6,500 

mber 
1 16 
2 

1,16 
2 
1 
16 
1 

16 

1 
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to  determine  maturity,  at  which  time  the  cap- 
sules can  be  collected  by  picking  from  the  trees. 

Seed  from  trees  growing  near  water  often  may 
be  gathered  from  drifts  along  the  shore. 

Extraction  and  storage  of  seeds. — It  is  un- 
necessary to  separate  the  seed  from  the  opened 

capsules.  Number  of  seed  per  pound  varies 
greatly  among  species  (table  4).  Because  seed 
is  viable  for  only  a  few  days,  commercial  seed 
is  not  available.  The  maximum  period  of  storage 
is  from  1  to  6  weeks,  but  germination  rates  drop 
off  rapidly  after  10  days  for  seed  stored  at  room 
temperature.  Moistened  seed  (fig.  4)  may  be 
stored  up  to  a  month  if  refrigerated  in  sealed 
containers  (1). 

Germination  tests. — Under  natural  conditions, 
willow  seed  usually  germinates  in  12  to  24  hours 
on  moist  sand  or  alluvium.  Germination  is 
epigeal.  Seed  dormancy  has  not  been  observed 
in  any  species.  Germination  may  be  tested  on 
moist  sand  or  sandy  loam  (17),  or  on  paper  (7). 
Light  is  required.  Germination  percentages  de- 

crease rapidly  with  seed  age ;  Ware  and  Pen- 
found  {19)  reported  that  S.  interior  seed  kept 
at  room  temperature  for  8  days  showed  no  ger- 

mination, compared  with  80  percent  success  for 
seed  kept  4  days.  Test  results  for  fresh  seed  of 
this  and  other  species  are  shown  in  table  5. 

Nursery  practice. — Seed  must  be  sown  imme- 
diately after  collection.  The  opened  capsules  and 

seed  are  broadcast  on  well-prepared  beds,  fol- 
lowed by  light  packing  with  a  roller.  Seedbeds 

must  be  kept  moist  until  the  seedlings  are  well 
established.  To  conserve  moisture  and  maintain 
a  high  relative  humidity  near  the  bed  surface, 
close  shading  often  is  provided  with  slats  and 
burlap.  If  the  seedling  stand  is  too  dense,  a 
higher  percentage  of  plantable  trees  can  be  ob- 

tained by  transplanting  the  seedlings  at  3  or 
4  weeks. 

Figure  4. — Salix  bchbiana,  Bebb  willow:  imbibed  seed 
(cotton  removed)  20  X. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Andrew.s,  D.  S. 
Observation  recorded,  1969.  USDA  Forest 

Service,  Intermt.  Forest  and  Range  Exp. 
Stn.,  Moscow,  Idaho. 

(2)  Auld,  I.  D.,  Jr. 
Seed  tests  conducted  at  Santee  Exp.  Forest, 

Charleston,  S.C.,  1970.  USDA  Forest  Serv- 
ice, Southeast.  Forest  Exp.  Stn.,  Asheville, N.C. 

(.3)    Baldwin,  W.  K.  W. 
19.58.  Plants  of  the  Clay  Belt  of  northern 

Ontario  and  Quebec.  Natl.  Museum  Can. 
Bull.  156,324  p. 

(4)  Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. 
American  Book  Co.,  New  York. 

(5)  Froiland,  S.  G. 
1962.  The  grenus  Salix  (willows)  in  the  Black 

Hills  of  South  Dakota.  U.S.  Dep.  Agric. 
Tech.  Bull.  1269,  75  p. 

(6)  Hoff.  R.  .J. 
Observation  recorded  1969.  USDA  Forest 

Service,  Intermt.  Forest  and  Range  Exp. 

Stn.,  Moscov\',  Idaho. 

Table  5. — Salix:   germi7iation  test  conditions  and  results 

Germination  test  conditions 

Species 
Daily 

light 

period 

Medium Temperature 

Day        Night Dura- 
tion 

Germinative 

energy 

Germinative 
capacity 

Amount    Period    Average  Samples 

Data 

source 

S.  amygdaloides 
S.  hebhiana   

S.  caroliniana     _ 
S.  discolor   
iS.  exigua   
S.  interior   
S.  lasiandra   
iS.  nigra   
S.  petiolaris   
S.  rigida   
S.  scouleriana 

Hours  "F.  "F. 
8    Sand      _  86  68 
8    Sand    86  68 

Sandy  loam  85  70 
Agar    72  72 

8    Sand  ;!;;Z"""";  85  70 Agar    72  72 
Sand    85  70 
Agar    72  72 
wet  paper  86  68 

8    Sand        86  68 
Agar  72  72 
Sand  or  agar  85  70 

Days      Percent      Days      Percent  Number 
5 
7 

36 
72 

2 
4 

12 
3 

14 
3 
2 
2 

76 
27 96 

95 
83 
80 
25 

80 
91 
95 

77 

28 
100 
96 
93 
97 

83 
80 
25 

82 
91 
95 

16 
16 
17 
16 

1 
19 
1 
7 
16 
1 
1 
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(7)  International  Seed  Testing-  Association. 
196G.  International  rules  for  seed  testing. 

Proc.  Int.  Seed  Test.  Assoc.  1966:  1-152. 
(8)  Lakela,  0. 

1965.  A  flora  of  northeastern  Minnesota.  541 
p.  Univ.  Minnesota  Press,  Minneapolis. 

(9)  Little,  E.  L.,  Jr.,  and  Delisle,  A.  L. 
1962.  Time  periods  in  development:  Forest 

trees,  North  American.  Table  104:  In  Bio- 
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Labiatae — Mint  family 

SALVIA  SONOMENSIS  Greene Creeping  sage 

by  Eamor  C.  Nord  '  and  Louis  E.  Gunter  ' 

Growth  habit,  occurrence,  and  use. — -Creeping 
sage  is  an  aromatic,  semiprostrate,  suffrutes- 
cent  plant  found  in  tlie  chaparral  zone  along 
the  Sierra  Nevada  and  Coast  Range  in  Califor- 

nia at  elevations  below  6,500  feet.  This  plant 
grows  on  relatively  shallow,  moderately  acid-to- 
neutral  soils  where  annual  precipitation  aver- 

ages 15  to  40  inches  and  temperature  ranges 

from  IS'"  to  more  than  100"  F.  It  can  withstand 
some  frost  and  drought,  but  does  not  tolerate 
saline  or  alkaline  soils  (6). 

This  plant  has  value  for  soil  protection  and 
fire  hazard  abatement  in  wildlands.  Because  of 
its  low  growth  form,  with  most  foliage  not 
more  than  8  to  10  inches  tall,  and  its  tendency 
to  form  extensive  matlike  colonies,  which  de- 

velop mostly  from  stem  layers  along  the 
branches,  creeping  sage  can  greatly  reduce  den- 

sity of  herbaceous  species  which  are  hazardous 
flashy  fuels  when  dry.  Racial  variations  prob- 

ably occur,  considering  the  wide  latitudinal 
and  elevation  range  and  disjunct  distribution 
of  this  plant.  These  variations  should  be  con- 

sidered in  selecting  seed  and  plant  materials 

to  be  used  in  difl'erent  areas. 
Flowering  and  fruiting. — Creeping  sage  has 

numerous  bisexual,  bluish  flowers  held  in  up 
to  8  dense,  globose  whorls  along  an  erect  spikate 
inflorescence.  Flowering  occurs  from  March  to 
June  and  seed  ripens  from  May  to  July,  but 
varies  according  to  the  season,  elevations,  and 
other  site  conditions. 

With  favorable  growing  conditions,  good  seed 
crops  are  borne  almost  every  year,  but  less  fre- 

quently under  other  conditions.  Seed  is  dis- 
persed up  to  about  10  feet  from  plants,  mostly 

by  wind  and  to  a  lesser  extent  by  small  animals. 
Plants  two  or  more  years  old  bear  fruit  abun- 
dantly. 

The  fruit,  enclosed  in  a  persistent,  papery 
calyx,  consists  of  four  brownish  nutlets  (figs. 
1  and  2)  that  separate  at  maturity.  Dates  of 
flowering  and  seed  ripening  and  the  amount  of 
seed  produced  varies  according  to  the  position 

of  the  whorls  on  the  spike.  The  better  quality 
seeds  and  the  larger  numbers  of  seeds  are  borne 
on  the  lower  whorls  where  the  seeds  ripen  2 
to   3   weeks  earlier  than   those   on   the   upper 

'>$*/^\M:.'X 

Figure    1. — Salvia    sonoincnsis,   creeping   sage:    nutlet, 12  X. 

r4mm 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

^0 

Figure  2. — Salvia   sonomerisis,  creeping  sage:   longitu- 
dinal section  through  a  nutlet,  20  X. 
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whorls.  There  are,  on  the  average,  about  24 
seeds  produced  per  whorl,  but  the  number 
ranges  from  5  to  38  seeds  from  the  terminal  to 
the  bottom  whorls.  The  seeds  in  the  two  upper- 

most whorls  are  much  smaller  than  on  the  4 
or  5  lower  whorls,  which  produce  90  percent 
or  more  of  the  seeds  on  a  spike  (5). 

Both  the  volume-weight  ratios  and  the  num- 
ber of  seed  per  pound  vary  according  to  filled 

seed.  Seeds  retained  by  V,r,-inch  diameter  sieves 
were  run  through  a  seed  aspirator  to  remove 
most  of  the  small  and  lightweight  seed.  The 
remaining  seed  was  70  percent  filled  and  con- 

tained an  average  of  549,500  (±49,700)  seed 
per  pound,  and  weighed  30  pounds  per  bushel. 
A  high-graded  lot  was  90  percent  filled,  con- 

tained 310,700  (±12,140)  seed  per  pound,  and 
weighed  45  pounds  per  bushel.  Seed  smaller 
than  V,-  inch  diameter  was  only  12  percent 
filled  (5). 

Collection,  extraction,  and  storage. — Creeping 
sage  seed  should  be  collected  soon  after  ripen- 

ing, in  May  and  early  June  in  most  localities. 
Collecting  may  commence  when  the  seed  ripens 
on  the  lower  whorls,  ripening  may  be  gauged 
by  separation  and  loosening  of  nutlets  from  the 
calyx  even  though  seed  on  the  upper  whorls  is 
still  immature  (5).  If  harvesting  is  delayed 
the  crop  may  be  lost  as  a  result  of  strong  wind, 
rain,  hailstorm,  or  animal  trampling. 

Hand  plucking,  gathering  the  spikes  in  con- 
tainers, and  then  spreading  the  material  to  dry 

in  the  sun  have  been  the  primary  methods  used 
to  gather  and  process  creeping  sage  seed.  How- 

ever, the  use  of  headers  that  clip  the  inflores- 
cence below  the  whorls  and  harvest  the  material 

in  a  receptacle  could  be  used  to  advantage  to 
collect  seed  in  larger  stands. 

The  freshly  harvested  material  should  be 
spread  out  less  than  4  inches  thick,  turned  and 
mixed  once  or  twice  a  day  for  about  a  10-day 
drying  period  in  a  well-ventilated  place  to  pre- 

vent seed  from  heating  and  molding.  After 
drying,  seed  can  be  readily  separated  by  agri- 

cultural threshers,  combine  harvesters,  hammer 
mills  or  by  flailing.  For  further  cleaning  and 
grading,  ordinary  fanning  mills  equipped  with 
i^-_.  inch  to  1^4  inch  v^  i (.  inch  slotted  sieve  for 
the  upper  screen  and  V,-,  inch  diameter  sieve 
for  the  bottom  screen  can  be  used.  Any  final 
grading  that  may  be  needed  can  be  done  with 
a  seed  blower  or  aspirator. 

Creeping  sage  seed  retained  its  viability  for 
at  least  2  years  when  stored  in  sealed  containers 
in  a  refrigerator  at  35"  F.  Until  further  in- 

formation is  available,  we  recommend  that 
seed  to  be  stored  should  be  dried  to  about  4-pei'- 
cent  moisture  content  and  stored  in  sealed 

containers  at  temperatures  of  34"   to  40°    F. 

Similar  storage  should  be  used  in  the  event  of 
delays  occurring  between  treating  seed  with 
gibberellic  acid  and  planting. 

Germination. — In  contrast  to  most  other  Sal- 
via species  that  apparently  require  no  special 

treatment,  creeping  sage  must  be  preconditioned 
to  induce  germination  (3).  Dormancy  is  caused 
by  an  inhibitor  in  the  seedcoat.  Seeds  have  been 
successfully  pretreated  by  soaking  them  in  100 
ppm  gibberellic  acid  for  one  hour  or  by  strati- 

fying them  for  about  3  months  at  34°-40°  F. (5) 
Germination  tests  can  be  made  in  petri  dishes, 

germination  chambers,  or  greenhouse  flats.  At 

room  temperatures  (65°  to  80°  F.),  germina- 
tion of  treated  seed  in  petri  dishes  commenced 

in  about  3  days,  reached  a  peak  in  7  to  10  days, 
and  continued  intermittently  for  several  days 
thereafter  until  up  to  60  percent  of  the  seeds 
germinated  (.5).  Seedling  emergence  in  green- 

house flats  can  be  expected  to  commence  in  7 
to  10  days. 

Field  practice. — Pretreated  seeds  of  creeping 
sage  may  be  sown  directly  in  the  field  during 
the  spring  season.  Seeds  may  be  pretreated  by 
soaking  them  in  a  freshly  prepared  gibberellic 
acid  solution  (1)  and  then  drying  them,  or 
they  can  be  stratified  at  cold  temperatures  for 
about  90  days  prior  to  sowing  in  the  spring. 
A  1-hour  soak  in  100  ppm  gibberellic  acid  is 
satisfactory  when  sowings  are  made  soon  after 
treatment;  but  if  there  may  be  a  long  interval 
between  treating  and  sowing,  it  is  better  to  use 
either  longer  soaking  periods  or  stronger  solu- 

tion concentrations  (up  to  500  ppm)  for  the 
same  soaking  period.  Sowing  untreated  seed  in 
the  fall  appears  unwarranted  because  natural 
conditions  which  overcome  seed  dormancy  are 
unreliable.  Furthermore,  fall-sown  seed  is  sub- 

jected to  prolonged  rodent  depredation  that  may 

adversely  aff'ect  seedling  establishment   (5). 
Seedbeds  should  be  free  of  competition  at 

time  of  sowing,  otherwise  young  sage  seedlings 
are  smothered  by  competing  species.  Mixing 
the  seed  with  rice  hulls  facilitates  handling  and 
provides  better  distribution  of  the  seed  whether 
sown  by  hand  or  by  conventional  seeding  ma- 

chines. A  seeding  depth  of  about  ̂  -j  inch  is 
recommended  for  most  field  conditions  in  pref- 

erence to  broadcast  or  shallower  sowing  depths. 
Soil  should  be  firmed  to  improve  the  contact 
between  seed  and  moist  soil.  First  seedling 
emergence  observed  under  field  conditions  oc- 

curred about  a  month  after  seedings  were  made 
in  mid-February,  and  between  2  to  3  months 
after  December  seedings  in  southern  California. 
Thus,  there  appears  to  be  no  advantage  in  sow- 

ing this  species  during  the  late  fall  or  winter 
as  compared  to  early  spring  sowing  (5). 
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Creeping  sage  is  easily  propagated  from  stem 
cuttings  taken  at  almost  any  season  of  the  year 
without  benefit  of  hormone  treatment  (J^),  and 
transplants  have  shown  high  survival  and  made 
rapid  growth.  Where  cuttings  are  to  be  used 
in  field  plantings,  freshly  cut  stem  or  branch 
sections  should  be  at  least  12  inches  long  (i). 
They  should  be  set  almost  as  deep  and  soil 
tamped  around  the  base.  Early  spring  is  the 
best  time  for  such  plantings.  Rooted  plants 
propagated  from  seed  or  stem  cuttings  may  be 
bare-root  planted  or  planted  in  propagating 
tubes.  Where  water  is  not  available,  minimum 
recommended  tube  size  is  2i/_>  inches  y  2V2 
inches  X  8  inches  with  open  bottoms  so  roots 
may  readily  grow  into  the  soil  below.  There  is 
a  possibility  that  young  seedlings  may  be  de- 

stroyed by  certain  pathogen,  including  the  fol- 
lowing fungi  which  are  in  this  seed:  Candida 

(yeast),  Pe}nciUium,  Alternaria,  Mucor,  Rhizo- 
pus,  Rhizoctonia,  Fusarimn,  and  As'periqUlns 
(2). 
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Caprifoliaceae — Honeysuckle  family 

SAMBUCUS  L.  Elder 

by  Kenneth  A.  Brinkman  ^ 

Growth  habit,  occurrence  and  use. — The  el- 
ders include  about  20  species  of  deciduous 

shrubs  or  small  trees,  rarely  herbs,  native  to 
temperate  and  subtropical  regions  of  both  hem- 

ispheres. The  fruit  of  most  species  is  used  by 
birds  and  mammals  as  well  as  by  man.  Some 
species  have  medicinal  properties;  others  are 
planted  for  their  attractive  foliage  and  colorful 
fruit.  Plants  are  often  browsed  by  deer  and  live- 

stock {11,  17).  In  the  United  States,  four 
native  species  have  potential  value  for  wildlife 
and  environmental  plantings  (table  1).  Sam- 
hucus  canadensis  and  S.  glauca  have  been  used 
more  than  the  other  species  for  these  purposes. 

Flowering  and  fruiting. — The  large  clusters 
of  small,  white  or  yellowish-white,  perfect 
flowers  bloom  in  the  spring  or  summer  (table 
2).  The  fruit  is  a  berrylike  drupe  (fig.  1)  con- 

'  North  Central  Forest  Exp.  Stn. 

taining  three  to  five  one-seeded  nutlets  or  stones 
(figs.  2  and  3).  When  ripe,  the  fruits  vary  from 
red  to  nearly  black  depending  on  species  (table 
3).  Dispersal  is  chiefly  by  birds  and  animals. 

Geographic  races. — Two  varieties  of  Sambu- 
cns  glauca  have  definite  geographic  limits  and 
these  may  be  climatic  races.  Both  S.  canadensis 
and  S.  pubens  have  developed  varieties,  but 
these  do  not  appear  to  be  related  to  climate. 

Collection  of  fruits. — Elder  fruits  are  collected 
by  stripping  or  cutting  the  clusters  from  the 
branches.  Collection  should  be  made  as  soon  as 
the  fruits  ripen  to  reduce  losses  to  birds.  If  the 
seed  is  not  to  be  extracted  immediately,  the 
fruits  should  be  spread  out  in  thin  layers  to 
prevent  heating. 

Extraction  and  storage  of  seeds. — The  fruit 
may  be  (a)  dried,  (b)  run  through  a  macerator 
with  water  and  the  pulp  and  empty  seeds  floated 
off  (11),  or  (c)  crushed,  dried,  and  used  with- 

Table  1. — Sambucus:  nomenclature,  occurrence,  and  uses;  data  compilers 

'"^tnon^l^r^"^  Comn.onnan.es 
S.  cttllicarpa  Greene    Pacific  red  elder, 

S.  racemosa  L.  var.  redberry  elder, 
caUicarpa  (Greene)  red  elderberry. 
Jeps. 

S.  canadensis  L    American  elder, 
common  elder, 
sweet  elder, 
blackberry  elder. 

S.  glauca  Nutt    blueberry  elder, 
§.  cerulea  Raf.  blue  elderberry, 
■S.  coerula  Raf. 
S.  neo-mexicana  Woot. 

S.  pubens  Michx    scarlet  elder, 
S.  racemosa  A.  Gray,  American  red 

not  L.  elder,  red- 
berried  elder. 

Occurrence 

Uses  ̂ 

Data  compilers 
for  the  species 

Pacific  coast  region  from  south- 
ern Alaska  to  western  Oregon 

and  mountains  of  central  and 
southern  California. 

Nova  Scotia  to  Manitoba, 
Florida  to  Texas. 

British  Columbia  and  western 
Montana  south  to  California 
and  New  Mexico. 

Newfoundland  to  Alaska,  south 
to  Oregon,  east  to  Georgia. 

H,  W    Arland  S.  Harris. 

H,  S,  E  _        Richard  C.  Schlesinger. 

H,  E 

H,  E 

Glenn  H.  Deitschman. 

Richard  C.  Schlesinger. 

H:  habitat  or  food  for  wildlife,  W:  watershed,  S:  shelterbelt,  E:  environmental  forestry. 

Table  2. — Sambucus:  phenology  of  flowering  and  fruiting 

Species 
Flowering 

dates 
Fruit  ripening 

dates 

July-August  ^   June-September   
July-September   
August-September. 
June-August      _  .._ 

Seed  dispersal  Data 
dates  source 

August-September  \-      5 
September-December     .—  17 
August-October      2, 12, 17 
August-October      7, 11, 17 
June-November    12, 17 

S.  caUicarpa     __.  June  \. 

S.  canadensis    June-July  . 
S.  glauca  ̂           May-July  __ 
S.  pubens      April-July. 

Near  Juneau,  Alaska. 
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0.75  X 

S.  callicarpa 

Pacific  red  elder 

^v%.^-«* 

I-       S.  canadensis 

American  elder 

S.  glauca 
blueberry  elder 

Figure    1. — Sambucus    glauca,    blueberry    elder:    fruit 
cluster,  0.75  X,  and  single  fruit,  4  X. 

out   further    cleaning.    Commercial    seed   may 
1  consist  of  either  dried  fruit  or  cleaned  seed. 
!  After   a   short  period   of   drying,   freshly   ex- 

tracted  seed   may   be   fanned   or   screened   to 
remove    debris.    Excessive    drying    should    be 

Figure  2. — Sambucus:  seeds,  12  x. 

avoided.  Seed  yields  and  number  of  seed  per 
pound  vary  among  species  (table  4). 

Small  lots  of  fruit  may  be  cleaned  in  a  food 
blender  (10).  The  berries  are  covered  with 
water,  the  blender  is  run  long  enough  to  mac- 

erate the  fruit,  and  more  water  is  added  to  float 
off  the  pulp  and  debris.  Several  changes  of  water 
will  result  in  cleaner  seeds.  The  seeds  are  sep- 

arated from  the  last  change  of  water  in  a  filter- 
line  funnel  and  can  be  dried  on  the  filter  paper. 

Elderberry  seed  may  be  stored  dry  at  41° F.  for  several  years  (10).  Seeds  of  S.  canadensis 
showed  little  loss  in  viability  after  2  years  (16). 
Seed  of  S.  pubens  has  been  kept  satisfactorily 

Table  3. — Saiyihucus:  height,  seed  crop  frequency,  and  fruit  ripeness  criteria 

Species 

Height 

at 
maturity 

Year  of 
first 

culti- vation 

Interval  between 
large  seed  crops 

Fruit  ripeness 
criteria 

Time Data 
source 

Ripe 

color 
Data 

S.  callicarpa... 
S.  canadensis. 
S.  glauca.   „ 
S.  pubens   

Feet 
15-20 

9 
30 
10 

1900 
1761 
1850 

1812 

Years 

1 
1 

5  Red      5 
16  Purplish-black    J,,  13 

Blue-black     __  _  12 
16  Scarlet,  bright  red  -  _  2,4 
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r3mm. 

■:-5   endocarp 

seedcoat 

cotyledons 

endosperm 

hypocotyl 

radicle 

^0 

Figure  3. — Sambucus  pubens,  scarlet  elder:  longitudinal 
section  through  a  nutlet,  24  X. 

in  moist  sand  at  41"  F.  for  a  year,  but  cold, 
dry  storage  probably  is  adequate. 

Pregermination  treatments. — Elder  seeds  are 
difficult  to  germinate  because  of  their  dormant 
embryo  and  hard  seedcoat.  Although  response 
varies  among  species  and  seed  lots,  good  ger- 

mination of  dried  seeds  usually  results  after 
warm  stratification  for  60  to  90  days  followed 

by  at  least  90  clays  at  41"  F.  (table  5).  Heit 
(6)  suggested  that  a  10-  to  15-minute  soak  in 
sulfuric  acid,  followed  by  2  months  chilling  at 

34'"  to  40"  F.  or  by  late  summer  planting,  would 
give  optimum  seedling  production.  For  5.  calli- 
carpa,  however,  better  results  were  obtained 
with  a  5-minute  acid  treatment  followed  by  a 
2-day  water  soak  and  then  by  warm  and  cold 
stratification  (15). 

Germination  tests. — Tests  can  be  made  in 
sand  or  on  germination  pads  at  alternating 

temperatures  of  86"  and  68°  F.,  but  lower 
temperatures  are  equally  successful  for  some 
species  (table  6).  Although  most  tests  were 
made  with  at  least  16  hours  of  light,  the  need 
for  light  has  not  been  established.  Germination 
is  epigeal  (fig.  4). 

Nursery  practice. — Elder  seed  can  be  sown  in 
the  fall  soon  after  collection,  or  stratified  and 
sown  in  the  spring.  In  either  case,  germination 
often  is  not  complete  until  the  second  spring. 
At  the  USDA  Forest  Service  nursery  in  Couer 

d'Alene,  Idaho,  dried  seed  of  S'.  (tlnvca  usually 
is  soaked  in  water  for  3  days,  then  stratified  in 

Figure  4. — Sambucus  canadensis,  American  elder:  seed- 
ling development  at  2,  20,  33,  and  45  days  after  ger- 

mination. 

vermiculite  for  3  months  at  34  F.  before  spring  t 

sowing  (8).  A  seedling  density  of  35  plants  per  • 
square  foot  is  sought.  Seed  is  sown  14  inch  deep  1 

in  drills  and  covered  with  about  '^a  inch  of  f 
sawdust  mulch.  Two  reported  tests  of  S.  can-  • 
adensis  sown  soon  after  collection  resulted  in  1 

92  to  95  percent  (1)  and  60  to  70  percent  ger-  • 
mination  (3).  Fall-sown  seedbeds  should  bee 
mulched.  One-year-old  seedlings  usually  are  1 
large  enough  for  field  planting.  Elders  also  can  0 
be  propagated  from  cuttings  (2). 
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Table  4. — Samhucus:  cleaned  seeds  per  pound  and  other  yield  data 

Seeds  per 
100  pounds 
of  fruit 

Data 

source 

Cleaned  seeds  per  pound 
Range Average 

Samples Data 
source 

Poiinds 

S.  caUicarpa.      10 
S.  canadensis    7-18 
S.  glauca    6 
S.  pubens    4 

13 
U 13 
13 

Number 

163,170-261,500 
175,000-324,000 
117,000-259,000 
192,000-377,000 

Ntimber 

212,000 

232,000 
205,000 
286,000 

Number 
2 

14 

23 
6 

li,15 

16 
9,11,16 
16 

Species 

Table  5. — Samhucus:  pregerminatioyi  treatments 

Scarification 
Stratification 

Medium Temper- ature 
Time Data 

source 

Warm  period Cold  period 
Medium 

Temper- ature 
Dura- 
tion 

Temper- ature 

Dura- 
tion 

Data 
source 

°F.       Minutes 

S.  callicarpa-  - .  HjS04  +  Room         5  15 
water 
soak  for 
2  days. 

S.  canade7isis   
S.  glauca...     
S.  pubens   

'  Dry  seed  stored  for  450  days  at  room  temperature. 

Peat  moss Room 

Sand       68-86 

Sand    (') 
Sand       68-86 

Days 

30 

60 30-60 

"F. 

38 

41 
41 
41 

Days 

90 

15 

90-150         1,3,16 

98         9 90-150         16 

Table  6. — Samhucus:  germination  test  conditions  and  residts 

  Germination  test  conditions   Germinative  Germinative 
Species                                                                  Temperature            Dura-                       energy  capacity                  Purity 

Day                Night         tion              Amount        Period  Average       Samples 

°F.                     °F.            Daijs              Percent           Days  Percent        Number     Percent 

S.caUicarpa    Paper  pads     .       68               60       30-40             ....             ....  44               2 
S.cmiadeyisis      Sand  or  soil       86               68             60             32             16  63               7             80 
S. glauca...   ___  Sand         70               70             35             55             12  79               3       80-90 
S.  pubens     Sand                 ^'86             '68             60             50             27  47               6             97 

'  Day-night  temperatures  of  77°  and  50°  F.  were  used  on  some  samples. 

Data 

source 

15 

1,3,16 

9,11 
16 
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SAPINDUS 

Sapindaceae — -Soapberry  family 

SAPINDUS  DRUMMONDIl  Hook.  &  Arn. 

by  Ralph  A.  Read  i 

Western  soapberry 

other  common  names: — wild  China-tree,  soap- 
berry, Indian  soap-plant,   cherrioni,  jaboncillo 

Growth  habit,  occurrence,  and  use. — Western 
soapberry  grows  on  clay  soils  and  on  dry  lime- 

stone uplands  from  southwestern  Missouri  to 
Louisiana,  and  westward  through  Oklahoma 
and  Texas  to  southern  Colorado,  New  Mexico, 
southern  Arizona,  and  northern  Mexico.  It  is  a 
small  to  medium  deciduous  tree,  25  to  50  feet 
tall  {3,  U),  first  introduced  into  cultivation  in 
1900.  S.  drummondii  is  useful  for  environmental 
and  wildlife  plantings  and  to  a  small  extent  for 
shelterbelts  in  the  southern  Plains.  The  glossy, 
yellow  fruit  and  long,  pinnate  leaves  make  it 
especially  attractive.  The  fruit  contains  saponin, 
and  was  used  locally  in  the  past  for  making 
soap.  The  heavy,  strong,  close-grained  wood 
splits  into  thin  strips  that  have  been  used  in 
basketry   (9). 

Flowering  and  fruiting. — The  small,  white, 
polygamo-dioecious  flowers,  borne  in  rather 
large  clusters  of  terminal  or  axillary  panicles, 
open  during  May  to  July  (9).  The  fruit,  a  yel- 

low, translucent,  globular  drupe,  10  to  14  mm. 
in  diameter  (6)  usually  contains  a  single,  dark 
brown,  hard-coated  seed  (figs.  1  and  2),  but 
occasionally  two  or  three  seeds  are  present  (5). 
The  fruit  ripens  during  September  to  October, 
and  persists  on  the  tree  until  late  winter  or 
spring.  Seed  crops  are  usually  abundant  each 
year  (2). 

Collection,  extraction,  and  storage. — Fruit 
may  be  collected  any  time  during  late  fall  or 
winter  by  hand  picking  or  by  flailing  it  from 
the  trees  onto  canvas.  Although  fruits  are  fairly 
dry  by  this  time,  they  should  be  spread  in  shal- 

low layers  to  keep  them  from  heating.  A  bushel 
of  fresh  fruits  of  central  Oklahoma  source  had  a 
calculated  weight  of  41  pounds  (6).  Seed  ex- 

traction is  facilitated  by  sprinkling  the  fruits 
with  water  twice  daily  until  pulp  softens.  Pulp 
can  then  be  removed  and  floated  away  by  run- 

ning the  fruit  through  a  macerator  with  water. 

After  drying,  the  seed  is  ready  for  storage  or use  (9). 

One  hundred  pounds  of  fruit  will  yield  30 
to  35  pounds  of  clean  seed  (6,  9),  with  a  max- 

imum of  82  pounds  reported  (8).  Number  of 
fruits  per  pound  average  430  to  650  (9).  Clean 
seeds  per  pound  (over  8  samples)  range  from 
685  to  1980  (8,  9).  Two  average  counts  are  1,160 

Figure  1. — Sapindus  drummondii,  western  soapberry: 
fruit  and  seed,  2  X. 

-11mm 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 
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Figure  2. — Sapindus  drummondii,  western  soapberry: 
longitudinal  section  through  a  seed  showing  folded 
cotyledons,  5  X. 
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(2)  and  1,700  (7).  A  fresh  collection  from  cen- 
tral Oklahoma  ran  700  clean  seed  per  pound 

with  104-percent  moisture  after  a  7-day  water 
soak  and  depulping  treatment  (10).  Soundness 
of  12  samples  averaged  77  percent  (9).  No  data 
are  available  on  seed  longevity  in  cold  storage, 
but  it  is  likely  that  dry  storage  at  lov/  tempera- 

tures would  be  satisfactory  (.9). 
Pregermination  treatments. — Germination  of 

stored  seed  may  be  slow  and  delayed.  The  chief 
cause  is  embryo  dormancy,  often  accompanied 
by  an  impermeable  seedcoat.  Some  lots  of  seed 
require  only  stratification,  while  others  may 
need  a  prestratification  treatment  (1).  Ger- 

mination can  be  improved  by  pretreatment  with 
concentrated  sulfuric  acid  for  2  to  2V-2  hours 
followed  by  90  days  stratification  in  moist  sand 

at  35^  to  45°  F.  (9).  The  need  for  acid  scarifi- 
cation can  be  determined  by  soaking  a  few  seeds 

in  cold  water  for  5  to  7  days.  If  seeds  swell, 
only  stratification  is  needed ;  if  seeds  remain 
small  and  hard,  they  should  be  pretreated  with 
acid.  Warm  stratification  of  dried  fruits  for  6 

to  10  weeks  at  70"  to  85  F.  often  has  the  same 

eff'ect  as  pretreating  cleaned  seed  with  acid. 
After  such  treatment  the  pulp  is  decayed  or 
partiallv  decomposed  and  can  be  washed  off 
without  difliculty.  Seed  then  should  be  stratified 
at  a  low  temperature  for  90  davs  (1).  Fre.shly 

collected,  clean  seed-  germinated  better  without 
pretreatment  (10). 

Germination  tests. — Germination  tests  have 
been  run  in  sand  flats  at  temperatures  alternat- 

ing diurnally  from  68  to  86"  F.  (.9,  10).  Ger- 
minative  capacity  (11  samples)  :  low,  7  percent; 
average,  31  percent;  high,  68  percent  (.9).  An- 

other test  showed  47  to  56  percent  germination 
(2).  Pretreatments  for  these  tests  were  not 
described. 

Nursery  practice. — Since  this  species  appar- 
ently varies  considerably  in  hardness  of  seed 

and    response    to    pregermination    treatments. 

"  Seeds  were  provided  by  Albert  Engstroni,  Assistant 
Director,  Div.  of  Forestry,  State  Dep.  of  Afjriculture, 
Oklahoma  City,  Oklahoma. 

examination  tests  before  nursery  sowing  are 
absolutely  essential.  If  seed  of  freshly  picked 
and  dried  fruits  take  up  moisture  during  a  5- 
to  7-day  water  soaking  for  depulping,  they  may 
be  sowed  fall  or  spring  with  no  further  treat- 

ment. If  seeds  remain  small  and  hard  after  the 

water  soak,  they  should  be  scarified  and  strati- 
fied to  insure  adequate  germination  in  spring 

sowing.  Sowing  density  is  about  20  viable  seeds 
per  square  foot  at  a  depth  of  %  inch  in  a  firm 
seedbed  (7,  .9).  Seedlings  have  a  strong  tap- 

root, and  top  growth  is  slow  (.9). 
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Euphorbiaceae — Euphorbia  family 

SAPIUM  SEBIFERUM  (L.)Roxb. 

by  F.  T.  Bonner  1 

Tallowtree 

Synonym. — Triadica  sebifera  (L.)  Small. 
Other  common  name. — Chinese  tallowtree. 
Growth  habit,  occurrence,  and  use. — Tallow- 

tree is  a  small  deciduous  tree  which  attains 
heights  of  about  30  feet  at  maturity.  A  native 
of  China,  the  species  has  been  widely  planted 
in  the  Coastal  Plain  from  South  Carolina  and 
Florida  to  Texas,  Oklahoma,  and  Arkansas. 
The  bright  red  fall  foliage  makes  the  tree  a 
popular  ornamental,  and  the  seeds  have  some 
value  as  wildlife  food.  In  China  the  wax  that 
coats  the  seeds  is  extracted  and  used  in  soaps, 
candles,  and  cloth  dressings  (2).  Tallowtree 
readily  escapes  from  cultivation  and  is  common 
along  roadsides  of  the  Gulf  Coast. 

Flowering  and  fruiting. — Both  pistillate  and 
staminate  flowers  are  borne  on  the  same  yellow- 

ish-green spike  in  the  spring  {2).  The  fruit, 
ripening  in  October  to  November,  is  a  rounded, 

3-lobed  capsule,  '  •,  to  14  of  an  inch  in  diameter 
{2).  Its  greenish  color  changes  to  a  brownish 
purple  at  maturity  {!).  There  are  usually  3, 
sometimes  only  2,  white  waxy  seeds  per  capsule 
(figs.  1,  2). 

Collection  of  seed. — The  dry  fruits  can  be  col- 
lected from  the  trees  by  hand  after  fruit- 

splitting  (dehiscence)  has  started.  On  a  sample 
of  fruits  from  a  tree  in  central  Mississippi,  the 
following  data  were  obtained  {!)  : 

Capsules  per  bushel       number  10,700 
Seeds  per  pound        number  ,       2,780 
Moisture  content  of 

seeds             percent  of  fresh  weight  6 
Sound  seeds   percent  of  total  seeds  90 

Germination  tests. — Fresh  seed  from  this  col- 
lection had  a  germinative  capacity  of  38  percent 

after  30  days  on  moist  Kimpak  at  day-night 

temperatures  of  86'  and  68"  F.  The  seeds  re- 
ceived 8  hours  of  light  during  the  day  tempera- 

ture. Moist  stratification  at  35"'  F.  for  34  days 
increased  the  speed  of  germination  but  did  not 
boost  the  germinative  capacity.  Sixty  days  of 
stratification  apparently  induced  a  deep  sec- 

ondary dormancy  {1).  Tallowtree  is  easily 
propagated  by  seeds  and  cuttings  {2). 

■10  mm 

'  Southern  Forest  Exp.  Stn. 

^0 

Figure  2. — Sapium  sebifcrum,  tallowtree:  longitudinal 
section  through  a  seed,  6  X. 

Figure  1. — Sapiuyn  sebiferum,  tallowtree:  seeds,  2x. 
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SASSAFRAS 

Lauraceae — Laurel  family 

SASSAFRAS  ALBIDUM  (Nutt.)  Nees 

by  F.  T.  Bonner  '  and  L.  C.  Maisenhelder  ^ 

Sassafras 

Synonyms. — Sassafras  variifoliiim  (Salisb.) 
Kuntze,  S.  officinale  Nees  &  Eberm.,  S.  sassafras 
(L.)  Karst. 
Other  common  name. — common  sassafras. 
Growth  habit,  occurrence,  and  use. — Sassa- 

fras, a  short  to  medium-tail,  deciduous  ti'ee,  is 
native  from  southwestern  Maine  to  central 
Michigan  and  southeastern  Iowa,  and  south  to 
east  Texas  and  central  Florida  (3).  On  the  more 
fertile  sites,  trees  may  reach  heights  of  100  feet 
at  maturity,  but  such  heights  are  exceptional. 
Sassafras  is  valuable  for  timber  and  wildlife. 

The  light-brown  wood  is  soft,  lightweight,  and 
very  durable.  Bark  of  the  roots  has  been  used 
for  making  tea,  sassafras  oil,  and  perfume  for 
soap  and  other  articles.  The  species  has  been 
cultivated  since  1630. 

'  Southern  Forest  Exp.  Stn. 

Flowering  and  fruiting. — The  dioecious, 
greenish-yellowish  flowers  are  borne  in  2-inch 
axillary  racemes  in  March  and  April  as  the 
leaves  appear.  The  drupaceous  fruits  are  ovoid, 
dark  blue,  and  about  V^  to  i/o  of  an  inch  long 
(fig.  1)  ;  they  mature  in  August  and  September 
and  are  dispersed  within  a  month.  Dispersal 
is  aided  by  birds,  which  often  eat  the  fruits 
before  they  fall  (2,  7).  The  fruit  is  borne  on 
a  thickened  red  pedicel,  and  the  pulpy  flesh 
covers  a  hard,  thin  endocarp  that  encloses  the 
seed  (figs.  1  and  2).  Minimum  seed-bearing  age 
is  10  years,  and  good  crops  are  produced  every 
1  or  2  years  {6). 

Collection,  extraction,  and  storage. — Fruits 
may  be  picked  from  the  trees  or  knocked  onto 
sheets  of  plastic  or  canvas  by  flailing  the 
branches.  The  fruits  are  green  before  maturity, 
and  the  change  to  dark  blue  indicates  they  are 

r-7mm 

cotyledons 

hypocotyl 

radicle 

Figure    1. — Sassafras    albidum,    sassafras:    fruit    and 
seed,  2  X. 

Figure  2. — Sassafras  albidum,  sassafras:   longitudinal 
section  through  a  seed,  8  X. 
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ready  for  collection  (i).  The  pulpy  flesh  can 
be  removed  by  hand  by  rubbing  the  fruits  over 
hardware  cloth  and  washing  the  debris  away 
with  water.  Mechanical  macerators  should  also 
work.  In  the  northern  half  of  the  range,  seeds 
collected  and  cleaned  averaged  5,800  per  pound 
(i,  5,  6).  In  Pennsylvania,  100  lbs.  of  fruit 
yielded  about  31  pounds  of  cleaned  seeds  (5). 
To  prevent  deterioration,  the  cleaned  seeds  are 
placed  in  storage  very  soon  after  cleaning. 
Sealed  containers  at  35°  to  41°  F.  are  recom- 

mended for  prolonged  storage.  Over  winter 
storage  can  be  accomplished  by  stratification 
at  35°  to  41°  F.  (6). 

Germination. — -The  seeds  exhibit  strong  em- 
bryo dormancy,  which  can  be  overcome  with 

moist  stratification  at  41°  F.  for  120  days  (4). Germination  can  be  tested  in  moist  sand  or  other 

media  at  temperatures  of  70°  to  85°  F.  for  up 
to  120  days  ̂ ,  6). 

Nursery  practice.— Although  sowing  has  been 
done  with  both  cleaned  and  uncleaned  seeds 
and  dried  fruits,  better  results  were  obtained 
with  cleaned  seeds.  Since  seeds  sown  early  in 
the  fall  often  germinate  before  cold  weather, 
unstratified  seed  should  be  sown  as  late  in  the 
fall  as  possible.  It  may  be  necessary  to  cold-store 
seeds  for  a  short  period  between  collection  and 
fall  seeding.  Stratification  is  recommended  for 
seeds  to  be  sown  in  the  spring.  The  seeds  should 

be  drilled  in  rows  8  to  12  inches  apart  and  cov- 
ered with  Vj.  to  i/i  of  an  inch  of  firmed  soil. 

Beds  should  be  mulched  with  burlap,  straw,  or 
leaf  mulch,  held  in  place  by  bird  or  shade  screens 
until  after  spring  frosts. 
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Taxodiaceae — Deciduous  cypress  family 

SCIADOPITYS  VERTICILLATA  (Thunb.)  Sieb.  &  Zucc. 
Umbrella-pine 

by  Paul  0.  Rudolf  i 

Synonyms. — Taxus  verticillata  Thunb.,  Pinus 
verticillata  Sieb. 

Other  common  nam.e. — parasol-pine. 
Growth  habit,  occurrence,  and  use. — Native 

to  central  Japan  at  elevations  of  700  to  5,500 
feet,  the  umbrella-pine  is  an  evergreen  tree 
from  70  to  130  feet  tall  most  commonly  grown 
for  ornamental  purposes  (since  1861),  but  also 

planted  for  erosion  conti'ol.  In  Japan  the  wood 
is  used  for  lumber,  and  the  bark  provides  oakum 
for  calking  boats  (2,  A,  6).  Umbrella-pine  is  the 
only  species  in  the  genus. 

Flowering  and  fruiting. — Flowers  of  both 
sexes  occur  at  the  ends  of  branchlets  in  the 
spring.  The  male  flowers  are  in  clusters  and  the 
female  flowers,  which  develop  into  cones,  are 
solitary.  When  the  cones  ripen  in  the  fall  of  the 
second  season,  they  become  gray-brown  and  are 
about  3  to  5  inches  long  and  II/2  to  2  inches 
wide.  Each  cone  bears  several  ovoid,  com- 

pressed, narrowly  winged  seeds  about  i/>  inch 
long  (4,  6). 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Ripe  cones  may  be  picked  in  the  fall 
from  the  trees  and  placed  in  a  warm,  dry  place 
to  open ;  seeds  are  removed  by  shaking,  and 
then  de winged.  Number  of  cleaned  seed  per 
pound  ranged  from  14.800  to  19,400  and  aver- 

aged about  17,300  in  more  than  30  samples. 
Purity  averaged  96  percent  in  10  samples  {1, 
5,  7).  Seed  stored  at  moisture  contents  of  10 
percent  or  less  in  sealed  containers  at  tempera- 

tures of  41°  F.  or  lower  will  probably  retain 
good  viability  for  at  least  2  years.  Longevity 
data  on  stored  seed,  however,  are  not  available. 

Pregermination  treatments. — Either  warm 

stratification  for  100  days  in  moist  sand  at  63° 
to  70°  F.  (7)  or  cold  stratification  for  90  days 
in  moist,  acid  peat  at  32°  to  50°  F.  (5)  have 
been  recommended  for  inducing  prompt  ger- 

mination. A  combination  of  the  two  may  be 
more  effective. 

'  North  Central  Forest  Exp.  Stn. 

Germination  tests. — Germination  of  pre- 
treated  seeds  can  be  tested  in  germinators  or 

sand  flats  at  a  temperature  of  about  68°  F. 
(night)  to  86°  (day)  for  75  days.  Average  ger- 
minative  capacity  in  14  tests  was  45  percent 
{3,5,8).  The  best  result  (76  percent  in  77  days) 
was  obtained  when  seed  were  germinated  on  a 
sand  surface  under  mist  with  9  hours  of  light 
daily  (S). 

Nursery  practice. — The  seed  should  be  sown 
in  the  fall  or  stratified  for  sowing  in  the  spring. 
Umbrella-pine  has  a  tendency  to  form  several 
leaders  and  is  slow  growing  in  the  nursery. 

Field  planting  has  been  done  with  3-2  and  4-2 
stock  {Jf).  Umbrella-pine  can  also  be  propagated 
by  layers  or  by  cuttings  of  half-ripened  wood  in summer  {2). 
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Taxodiaceae — Taxodium  family 

SEQUOIA  SEMPERVIRENS  (D.  Don)  Endl. 

by  Kenneth  N.  Boe  ̂  

Redwood 

Synonym. — Taxodium  semvervirens  D.  Don 
in  Lamb. 

Other  common  name. — California  redwood. 
Growth  habit,  occurrence,  and  use. — Redwood 

is  one  of  the  largest  of  the  forest  trees.  Its 
natural  range  is  in  the  summer  fog  belt  of  the 
Coast  Range  from  Little  Redwood  Creek  on  the 
Chetco  River  in  southwestern  Oregon  to  Salmon 
Creek  in  the  Santa  Lucia  Mountains  of  southern 
Monterey  County,  California.  The  redwood  belt 
is  an  irregular  coastal  strip  about  450  miles 
long  and  5  to  35  miles  wide.  Redwood  thrives  in 
cool,  moist  places.  Elevation  ranges  from  100 
to  2,500  feet  ill).  Redwood  has  been  cultivated 
outside  its  natural  range  since  1843,  including 
parts  of  Europe. 

The  wood  is  commercially  valuable  for  lum- 
ber, plywood,  pulpwood,  grape  stakes,  fencing, 

roof  shakes,  and  other  specialized  uses. 
Flowering  and  fruiting. — Tiny  and  inconspic- 

uous male  and  female  flowers  are  borne  sepa- 
rately on  different  branches  of  the  same  tree. 

The  ovulate  conelets  grow  into  broadly  oblong 
cones  with  scales  that  are  closely  packed,  woody, 
persistent,  and  thick.  Ovules  are  borne  most 
often  in  one  crescentic  row  on  each  cone  scale 
{2).   Ripe   seeds   have   brown  wings,    slightly 

^  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

darker  seedcoats;  each  wing  is  about  equal  in 
width  to  the  seed  and  is  part  of  the  seedcoat 
(fig.  1).  Embryos  have  2  cotyledons  (fig.  2). 
Many  opened  cones  persist  through  the  next 
growing  season.  Trees  start  to  bear  seed  at  5  to 
15  years  of  age  {6,  7).  Good  seed  crops  occur 
frequently,  with  light  crops  intervening.  Fair  to 
abundant  crops  occurred  for  5  consecutive  years 
in  north-coastal  California,  which  is  in  the 
northern  part  of  the  species'  range  {1).  Further 
south  in  the  redwood  type  some  stands  produce 
poorly  and  irregularly,  while  others  frequently 
have  fair  to  abundant  crops  {9). 

Flowering  may  occur  over  several  months 
from  November  to  March  {8),  but  ovule  ferti- 

lization is  usually  in  May  {2).  The  cones  are 
ripe  by  September  of  the  first  year  (7).  Some 
quantitative  characteristics  of  the  cones  are  as 
follows : 

Seeds  per  cone  scale   number.. .  2  to  5  {10) 
Average  seeds  per  cone   do    60  (7) 
Cone  length   inches    %tol%  {11) 
Average  fresh  cones 

per  pound        number.-  227  (7) 

Figure  1. — Sequoia  sempervirens,  redwood:  seed,  8  X. 
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Figure  2. — Sequoia  sempervirens,  redwood :  longitudinal 
section  through  a  seed,  25  X. 
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Collection  of  cones  and  extraction  of  seeds. — 
In  the  northern  redwoods,  cone  collection.s 
should  bejrin  in  late  September  and  October 
since  seed  dispersal  from  cones  in  trees  proceeds 
rapidly  after  October,  reaching  a  peak  from 
November  to  February  (1).  Seeds  are  mature 
when  cone  color  changes  from  green  co  greenish 
vellow  or  when  the  cone  scales  slightly  separate 

Cones  have  been  air-dried  at  room  tempera- 
ture of  70-75°  F.  in  10  to  14  days  (7).  Cones 

were  stirred  every  second  day,  and  a  small  fan 
circulated  air.  At  the  larger  nurseries,  cones  are 

opened  in  a  kiln  in  24  hours  at  120°  F.  (3).  The seeds  are  extracted  with  a  screen  tumbler  and 

cleaned  over  a  4-screen  vacaway  with  pneumatic 
separator.  The  yield  size,  purity,  and  soundness 
of  cleaned  seed  are  as  follows : 

Yield  of  seed  per  100  pounds  of 
cones  pounds  5.7  to  11.1  (S,7) 

Cleaned  seeds  per  nound: 
Low     !_      number  59,000  (7) 
High    do  300,000  (7) 
Average  for  157  samples  do  120,000  (.?.  7) 
Purity  percent  80  (7) 
Soundness                           _  do  23  (7) 

Storage  of  seed. — Viability  of  seed  in  storage 
has  been  maintained  somewhat  longer  at  sub- 
freezing  temperatui'es  than  at  cold  temperatures 
slightly  above  freezing.  Seed  in  a  sealed  bottle 

at  26°  to  30°  F.  retained  viability  remarkably 
well  for  1  year,  then  lost  viability  rapidly  after 
removal  from  cold  storage  (8).  After  storage  at 

0°  F.  for  7  years,  the  germinative  capacity  of 
several  lots  of  seed  ranged  from  12  to  15  per- 

cent (S,  4,  ■'))■  On  the  other  hand,  germinative 
capacity  of  seed  containing  6-10  percent  mois- 

ture in  airtight  5-gaIlon  cans  at  41°  F.  dropped 
from  14  percent  after  3  years  to  0  percent  after 
16  years  (12). 

Germination. — Redwood  seeds  require  no  pre- 
treatment  to  induce  germination.  Germination 

capacity,  however,  is  characteristically  low 
because  of  the  high  percentage  of  unsound  seed. 
A  5-year  record  of  seed  dispersal  in  old-growth 
redwood  showed  that  of  the  total  seed  dispersed 
only  2.5  to  12.4  percent  was  sound  seed  (1). 
Germination  is  readily  tested  in  covered  petri 
or  plastic  dishes  on  filter  paper,  vermiculite  or 
sponge  rok.  Satisfactory  germination  has  been 

obtained  at  a  constant  temperature  of  70°  F. 
as  well  as  at  temperatures  alternating  diurnally 
from  86°  to  68°  F.  (table  1). 

Nursery  practice. — Sequoia  senipervirois  seed 
may  be  sown  from  December  to  April,  but  seed 
sown  in  December  may  not  start  germinating 
for  70  days,  while  that  sown  in  April  may  start 
in  20  days  (7).  At  the  Forest  Service  Humboldt 
Nursery  (4)  it  is  sown  in  May  or  June,  when 
frost  is  unlikely  and  soil  temperatures  are 
warm.  The  seed  is  sown  in  drills  to  a  depth  of 
Ml  inch  and  at  a  rate  calculated  to  give  a  density 

of  30  seedlings  per  square  foot  for  either  1-0 
or  2-0  planting  stock.  All  seedbeds  are  fumi- 

gated as  standard  practice,  and  alcohol  is  used 
for  weed  control.  The  seedbeds  should  be 
screened  to  provide  half  shade  for  the  first 
months,  and  leaving  the  lath  on  during  the  en- 

tire time  mav  benefit  the  seedbed.  From  10  to 
20  percent  of  the  seedlings  may  be  culled  at  the 
time  of  lifting.  Tree  percent  was  reported  to  be 
8  to  14  (3). 
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Table  1. — Sequoia:   germination  test  conditions  and  results 

Medium 

Daily 

light 

period 

Temperature 

Day          Night Dura- 
tion 

Germinative 

energy 

Germinative capacity Data 

Amount Period 
Average 

Samples 
source 

Hours 

"F. 

°F. 

Days 
Perceyit 

Days 
Percent Nmnher 

Sheerer  oyen/ 70 60 3.0 10-14 

9.7 

257 
7 

blotters. 
Petri  dish/ 2 70 70 45 

M.9 7-12 

=  7.9 

11 1 
filter  paper. 

Germinating 
68 

68 60 
4.7 

14  + 

11.1 

241 
8 

chamber/ 
blotters. 

Vermiculite    . 
86 

68 21 12.7 

13 

3 

'  The  calculated  germinative  energy  is  based  on  an  average  real  germination  (the  percent  of  sound  seed  germinat- 
ing) of  53  percent  and  an  average  9.3  percent  sound  seed. 

-  The  calculated  germinative  capacity  is  based  on  85  percent  real  germination  and  9.3  percent  sound  seed. 
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SEQUOIA  DENDRON 

Taxodiaceae — Taxodium  family 

SEQUOIADENDRON  GIGANTEUM  (Lindl.)  Buchholz 
Giant  sequoia 

by  Kenneth  N.  Boe  ' 

Synonyms. — Sequoia gUiantea  (Lindl.)  Decne., 
Sequoia  washiiirjfoiiia)ta  (Winslow)  Sudw. 

Other  common  name. — -bigtree. 
Growth  habit,  occurrence,  and  use. — This  spe- 

cies grows  to  heights  exceeding  250  feet  in 
central  California  on  the  western  slopes  of  the 
Sierra  Nevada  in  more  or  less  isolated  groves  at 
4,500  to  7,500  feet  elevation.  Its  north-south 
range  is  about  260  miles  (6,  9).  It  has  been 
cultivated  rather  widely  since  1853  for  land- 

scaping, watershed  planting,  and  lumber. 
Flowering  and  fruiting. — Small  male  and  fe- 

male flowers  grow  separately  on  the  branches 
of  the  same  tree.  Although  the  small  enclosed 
terminal  buds  are  present  the  previous  summer, 
the  flowering  and  pollination  usually  occurs 
between  the  following  mid-April  to  mid-May 
when  the  conelets  are  quite  small.  Conelets  are 
about  half  size  in  July  and  reach  full  size  in 
August  when  fertilization  takes  place.  At  the 
start  of  winter  the  embryos  have  only  a  few 
cells,  and  they  remain  this  way  overwinter. 
Embryos  develop  rapidly  the  following  summer 
and  l)y  late  August,  the  second  year  following 
pollination,  they  are  morphologically  mature 
(1).  Young  trees  start  to  bear  cones  at  the  age 
of  about  20  years  (S). 

Cones  may  remain  attached  to  the  tree  for 
many  years  and  much  of  the  seed  will  be  re- 

tained. During  late  summer,  however,  when 
cone  scales  shrink,  some  seed  is  shed.  As  soon 
as  cones  become  detached,  they  dry  out,  and 
seeds  are  liberated  within  a  few  days  {1).  This 
fruiting  characteristic  provides  seeds  every 
year  in  the  groves.  Some  quantitative  character- 

istics of  the  cones  are  as  follows : 

Scales  per  cone number 25-40 
(^) 

Seeds  per  scale       do 3-9 

(4) 

Seeds  per  cone,  average do 230 iO) 

Cone  length inches 2to3V2 
(4) 

Seeds  are  compressed,  V«  to  14  inch  (3  to  6 
mm.)  long,  surrounded  by  laterally  united  wings 
broader  than  the  body  of  the  seed  (fig.  1).. 
Embryos  have  3  to  5  cotyledons. 

Collection,  extraction,  and  storage. — The  old, 
persistent  cones  can  be  collected  at  any  time ; 
but  for  fresh  cones  collections  should  be  made 
in  August  and  later.  Squirrels  cut  and  cache 
cones  that  furnish  considerable  quantity  for 
collection. 

Cones  have  been  air  dried  at  85 '  F.  for  7  days, 
then  the  seed  extracted  in  a  screened  tumbler 

and  separated  from  fine  material  with  a  pneu- 
matic separator  (2).  Yield,  size,  purity,  and 

soundness  of  cleaned  seed  are  as  follows : 

Average  yield  of  seed  per  100  pounds 
of  cones               .           pounds            1.6 

(2) 

Cleaned  seeds  per  pound: 
Low                                     number    62,000 (2,  7) 
High                              do        100,000 

(2,  T) 

Average  for  21  samples        do          81,000 
(2,  7) 

Purity                                       percent            81 

(9) 

Soundness                                    do                 41 
(9) 

Stored  seed  of  this  species  retains  moderate 
viability  for  many  years.  In  one  test,  seeds  with 
6-10  percent  moisture  that  had  18  percent  ger- 
minative  capacity  were  kept  in  airtight  5-gallon 
cans  for  14  years ;  their  capacity  dropped  to  8 

.»^- 

f-1 
B 

'"  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

0  1  mm. 

Figure  1. — Scquoiadcndron  gigantciiui,  giant  sequoia: 
A,  seed  with  wings;  B,  seed  with  outer  coat  removed; 
C,  excised  embryo;  all  at  8  X. 
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percent  (5).  In  nurseries,  the  usual  practice  is 
to  store  seed  in  polyethylene  bags  at  a  tempera- 

ture of  0'^  F.  Reported  viability  was  20  percent 
{2). 
Germination. — Germination  of  giant  sequoia 

seed  has  ranged  from  30  to  40  percent.  Opti- 
mum constant  temperature  for  germination  was 

between  60°  and  70°  F.,  but  temperatures  alter- 
nating diurnally  from  86°  to  68°  F.  also  were 

satisfactory  (table  1).  A  temperature  of  41°  F. 
was  too  cool,  and  continuous  86°  F.  was  too 
warm.  Continuous  light,  day  and  night,  or  alter- 

nating light  and  dark  periods  produced  about 
the  same  results.  Stratification  in  vermiculite  at 

35°  F.  for  28  days  improved  germination  some- 
what {2). 

Nursery  practice. — Seeds  have  been  stratified 
and  sown  in  fumigated  (Pathofume)  seedbeds 
at  a  depth  of  Vk  inch  {2).  The  desired  density 
was  30  seedlings  per  sq.  ft.  Tree  percent  ranged 
from  44  to  62.  Spring  sowing  tests  gave  8  per- 

cent germination  in  March  where  temperatures 

ranged  from  17°  to  75°  F.  and  37  percent  in 
May  where  temperatures  were  19°  to  93°  F. 
(5).  Another  nurseryman  stratified  the  seed  at 

36°  F.  for  40-60  days,  sowed  in  April  at  a  depth 
of  %  inch,  and  mulched  the  beds  with  peat  moss 

fi'om  1/4  to  i/o  inch  (3).  K  seedling  density  of 
75  per  sq.  ft.  was  the  goal,  and  tree  percent  was 
about  60  (5). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Buchholz,  J.  T. 
1938.  Cone  formation  in  Sequoia  Gigantea. 

I.  The  relation  of  stem  size  and  tissue  devel- 
opment to  cone  formation.  II.  The  history 

of  the  seed  cone.  Am.  J.  Bot.  2.5:  296-305. 
(2)  California  Division  of  Forestry. 

Correspondence,  October  1968.  Davis  Head- 
quarters Nursery,  Davis.  Calif. 

(3)  Critchfield.  H.  M. 
Correspondence,  October  9,  1969.  Glass  Moun- 

tain Tree  Farm  and  Nursery,  St.  Helena, 
Calif. 

(4)  Munz,  P.  A. 
1959.  A  California  flora.  1,681  p.  Univ.  Calif. 

Press,  Berkeley  and  Los  Angeles. 
(5)  Schubert,  G.  H. 

1952.  Germination  of  various  coniferous  seeds 
after  cold  storage.  USD  A  Forest  Serv.  Res. 
Note  PSW-83,  7  p. 

(6)     and  Beetham,  N.  M. 
1965.  Giant  Sequoia  (Sequoia  gigantea  [Lindl.] 

Decne.).  In  Silvics  of  forest  trees  of  the 
United  States.  U.S.  Dep.  Agric,  Agric. 
Handb.  276,  p.  658-662. 

(7)  Show,  S.  B. 
1918.  The  relation  of  germination  in  the  green- 

house and  nursery.  J.  For.  16:  319-328. 
(8)  Stark, N. 

1968.  Seed  ecology  of  Sequoiadendron  gigan- 
teum.  Madrono  19(4) :  267-277. 

(9)  USDA  Forest  Service. 
1948.  Woody-plant  seed  manual.  U.S.  Dep. 

Agric.  Misc.  Publ.  654,  416  p. 

Table  1. — Seqnoiadendro)\ :  lyregermination  treatments,  germination  test  conditions,  and  residts 

Cold Germination  test  conditions  ^ Germinative capacity 
stratifi- 
cation 

period 

Daily 

light 

period 

Temperature Duration 

Data Day 

Night 

Average 
Samples 

Days Hours 

"F. 

"F. 

Days 
Percent Number 

0 less  than  16 59 59 32 43.1 10 8 
0 24 41 41 32 4.1 10 8 
0 24 68 68 32 40.9 10 8 
0 

24 
86 86 32 5.6 10 8 

28 86 68 28 38.5 2 2 
0 -.- 86 68 

28 

30.3 
3 2 

'  Tests  were  made  on  filter  paper  in  petri  dishes  (8)  or  on  vermiculite  (2). 
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Palmae — Palm  family 

SERENOA  RE  PENS  (Bartr.)  Small  saw-palmetto 

by  David  F.  Olson,  Jr.,'  and  R.  L.  Barnes  ̂  

Synonyms. — Serenoa  serrulata  Nichols.,  Co- 
rupha  repens  Bartr.,  Chamaerops  serrulata 
Michx. 

Growth  habit,  occurrence,  and  use. — Saw- 
palmetto  usually  is  an  evergreen  shrub,  2  to  7 
feet  tall,  with  creeping,  horizontal  stems.  Occa- 

sionally, the  species  attains  the  size  of  a  small 
tree,  reaching  a  height  of  20  to  25  feet,  with  an 
erect  or  oblique  stem  (2,  6).  The  common  name, 
saw-palmetto,  derives  from  the  ascending,  palm- 
shaped  leaves,  which  are  rather  stiff,  with  long 
petioles  heavily  armed  with  sharp,  rigid,  re- 

curved teeth.  These  armed  petioles  are  capable 
of  severely  scratching  the  skin  and  ripping 
clothing  and  shoes. 

Saw-palmetto  occurs  from  coastal  South 
Carolina,  southward  to  Florida,  and  eastward 
to  eastern  Louisiana  {!).  It  reaches  its  most 
extensive  development  in  the  pine  flatwoods  of 
the  lower  coastal  plain  of  Georgia  and  Florida 
{3). 
Saw-palmetto  provides  wildlife  habitat,  and 

several  animal  species  eat  the  fruit  H).  The 
partially  dried,  ripe  fruit,  called  Serenoa,  have 
been  used  to  produce  a  drug  useful  in  treating 
certain  irritations  of  the  bladder,  prostate 
gland,  and  urethra  {6).  In  some  places,  the 
large  fan-shaped  leaves  (fronds)  are  used  to 
thatch  roofs  on  temporary  structures,  and 
larger  stems  are  occasionally  used  for  crude 
logs. 

Large  quantities  of  saw-palmetto  leaves  are 
shipped  north  for  Christmas  decorations;  the 
flowers  are  a  significant  source  of  honey;  and 
the  stems  are  a  source  of  tannic  acid  extract  {6). 

Flowering  and  fruiting. — The  small,  white 
flowers  are  borne  in  panicles  from  April  to  early 
June,  depending  upon  latitude  (4,  6).  They  ap- 

pear on  branches  which  are  shorter  than  the 
leaves,  and  are  usually  numerous. 

The  fruit  is  a  drupe  about  ̂ /'r,  to  1  inch  long, 
ovoid-oblong,  green  or  yellow  before  ripening. 
and  bluish  to  black  when  ripe  H,  5,  6)  (fig.  1). 

It  contains  a  single  globose  seed  (figs.  1,  2). 
Fruiting  panicles  sometimes  weigh  as  much  as 
9  pounds  (6).  Fruits  ripen  during  September 
and  October  (^). 

Collection  of  fruits. — The  fruiting  panicles 
should  be  collected  by  hand  picking  from  the 
shrub  when  ripe,  or  by  cutting  the  fruit-bearing 
branches  and  allowing  them  to  drop  onto  canvas 
or  plastic  sheets.  Seeds  are  available  commerci- 

ally within  the  natural  range  of  the  species. 

Extraction  and  storage  of  seeds. — Seeds  must 
be  extracted  from  the  fruits  or  germination  will 

'  Southeastern  Forest  Exp.  Stn. 
Figure    1. — Serenoa   repens,    saw-palmetto:    fruit    and seed,  2  x. 
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22mm. with  the  micropyle  cap  removed  and  the  embryo 
exposed  began  to  germinate  in  11  days,  com- 

pared with  45  to  66  days  for  seeds  with  the  cap 
intact.  After  222  days,  however,  the  germinative 
capacity  of  all  extracted  seeds  was  similar  and 
ranged  from  50  to  60  percent. 

In  another  test,  five  replications  of  20  seeds 
each  from  three  different  seed  sources  were 
tested  under  conditions  nearly  identical  to  those 
just  described  (4).  First  germination  occurred 
between  45  and  66  days.  A  period  of  slow  ger- 

mination was  followed  by  a  period  of  rapid 
germination  (optimum  period),  during  which 
approximately  half  of  the  seeds  germinated. 
Optimum  germination  began  41/2  to  6  months 
after  planting.  Germinative  capacity  after  231 
days  ranged  from  65  to  85  percent,  and  all 
ungerminated  seeds  appeared  viable. 

Figure  2. — Screnoa  rcpcns,  saw-palmetto:  longitudinal 
section  through  a  seed,  3  X . 

not  occur,  even  after  222  days  (4).  Seed  may  be 
extracted  by  running  the  fruits  through  a 
macerator  or  other  suitable  device  for  sepa- 

rating the  seed  from  the  pulp.  Dried  saw- 
palmetto  fruits  average  326  per  pound ;  the  dry 
seeds  average  1,081  per  pound  (A). 

Seeds  stored  dry  at  room  temperature  for  3 
months  retained  their  viability  (i).  No  tests  of 
seed  storage  under  a  variety  of  conditions  or 
different  time  periods  have  been  reported. 

Germination  tests. — Germination  tests  were 
made  with  fresh  seed  treated  in  several  ways 
— with  and  without  pulp,  endocarp  intact 
and  crushed,  and  with  embryo  and  endosperm 
exposed  (4).  Only  the  extracted  seeds  germi- 

nated. The  tests  were  made  on  moist  filter  paper 

with  daytime  temperatures  of  78"  to  83°  F.  and 
nighttime  temperatures  of  55"  to  72°  F.  Seeds 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
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Elaeagnaceae — Elaeagnus  family 

SHEPHERDIA  Nutt.  Buffaloberry 

by  John  F.  Thilenius,'  Keith  E.  Evans,i  and  E.  Chester  Garrett  ̂  

Growth  habit,  occurrence,  and  use. — The  two 
species  of  buffaloberry  considered  here  (table 
1)  are  deciduous.  Shepherdia  argentea  is  a 
thorny  shrub  reaching  heights  of  6  to  10  feet. 
S.  canadensis  is  a  thornless,  small-to-medium 
shrub  with  a  characteristically  spreading 
growth  form  3  to  9  feet  high  at  maturity.  The 
buffaloberries  are  very  cold-  and  drought-hardy 
(2).  S.  canadensis  is  especially  well  suited  for 
planting  on  dry,  rocky  banks  where  few  other 
shrubs  can  thrive.  S.  argentea,  which  has  been 
much  more  widely  planted  than  S.  canadensis, 
has  considerable  potential  for  shelterbelts,  and 
for  game  food  and  cover  plantings.  Both  species 
are  capable  of  fixing  nitrogen  via  roots  bearing 
nodules  of  bacteria  (i^). 

Flowering  and  fruiting. — The  small,  yellowish 
male  and  female  flowers  are  borne  on  different 
plants,  either  solitary  or  in  clusters  on  the 
branchlets.  Drupelike  ovoid  fruits,  about  Vg  to 
y^  inch  long  develop  during  the  summer.  Fruit 
is  an  achene  enveloped  in  a  fleshy  perianth. 
Cleaned  achenes  are  used  as  seeds  (fig.  1).  Seeds 

are  dispersed  chiefly  by  animals  {lA)-  Flower- 
ing, fruiting,  and  seed  dispersal  dates  are  com- 

pared in  table  2.  Both  species  may  produce  good 

seed  crops  every  years  (lU),  although  one  com- 
mercial grower  reported  S.  argentea  produced 

a  good  seed  crop  only  every  3  or  4  years  {9). 
Minimum  seed-bearing  age  for  both  species  is  4 
to  6  years  {9,  10). 

Collection  of  fruits. — Fruits  are  ripe  when 
they  turn  yellow  or  red  {10,  lU).  They  may  be 
gathered  by  stripping  or  flailing  them  from  the 
bushes  onto  canvas,  or  they  may  be  picked  by 

hand.  Heavy  gloves  are  required  with  Shep- 
herdia  argentea  to  avoid  injury  from  the  thorns. 

4mm 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

lq 

Figure  1. — Shepherdia  argentea,  silver  buffaloberry: 
right,  exterior  view  of  cleaned  achene,  and  left,  longi- 

tudinal section  through  the  embryo  of  an  achene,  9  X. 

Table  1. — Shepherdia:  nomenclature,  occurrence,  and  uses 

Scientific  names  and  synonyms Common  names Occurrence 

Uses' 

U) 
silver  buffaloberry. 

buffaloberry, redberry, 
silverberry,  bullberry. 

.argentea  (Pursh)  Nutt. 
Leparagyrea  argentea 

(Pursh)  Greene  (3) 
Elaeagnus  utilis  A.  Nels.  (8) 
Hippophae  argentea  Pursh  (8) 
.canadensis  (L.)  Nutt  (.4)      russet  buffaloberry, 
Lepargyraea  canadensis  Canadian  buffaloberry, 

(L.)  Greene  (i)  thornless  buffaloberry, 
Elaeagnus  canadensis  A.  Nels.  (8)  wild-oleaster,  wild-olive, 
Hippophae  canadensis  L.  (8)  nannyberry,  soapolalillie, 

soapberry. 

Manitoba  to  Alberta,  south  to  H,  W,  S,  E 
Kansas,  New  Mexico,  and 
California. 

Newfoundland  to  Alaska,  south       H,  W 
to  New  York,  New  Mexico, 
and  Oregon. 

'  H :  habitat  for  wildlife,  W :  watershed,  S :  shelterbelt,  E :  environmental  forestry. 
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Table  2. — Shepherdia:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 

April-June   
April  14   
April-June   

Fruit  ripening                  Seed  dispersal  Data 
dates                                  dates  source 

June-August    June-December    15 
September  10    Sept.20  through  winter....  13 
June-August    June-September        15 

S.  argentea..... 

S.  canadensis^ 
Bridger,  Mont.. 

A  bushel  of  fresh  fruit  weighs  approximately 
54  pounds  (1),  and  there  are  about  9,150  in- 

dividual fruits  per  pound  (3). 
Extraction  and  storage  of  seeds. — After 

twigs,  leaves,  and  other  debris  have  been  sifted 
out,  the  fruits  can  be  run  through  a  macerator 
with  water,  and  the  pulp  floated  off  or  screened 
out.  The  cleaned  seeds  should  be  kept  clean  and 
dry  (1).  Seed  of  S.  argentea  at  a  moisture  con- 

tent of  13.1  percent  showed  97  percent  germina- 
tion after  Si/o  years  of  storage  at  41°  F.  (1-^). 

For  short-term  storage,  seed  extraction  is  not 
necessary.  The  fruits  may  be  spread  out  in  a 
thin  layer  and  dried.  Care  should  be  taken  to 
prevent  heating  of  the  collected  fruits  (H). 
Cleaned  seeds  per  pound  from  various  sources 
for  S.  argentea  are  as  follows : 

Average 

Number 

41,000 
38,400 

Samples 
Number 13 

1 

Data 
sources 

(U) 
(1) (7) 

Range 

Nu77iber 

18,000-67,000 

39,400-47,200 

Germination. — Both  embryo  dormancy  and 
hardseededness  occur  in  seeds  of  Shepherdia. 
Germination  of  seeds  of  S.  canadensis  was  in- 

creased by  scarifying  the  seeds  with  sulfuric 
acid,  and  that  of  S.  argentea,  was  increased  by 
cold  stratification  (table  3).  Diurnally  alter- 

nating temperatures  of  86°  and  68°  F.  were 
better  than  constant  temperatures  for  germina- 

tion of  both  species  (1,  6)  (table  3).  Germina- 
tion is  epigeal  (fig.  2). 

Nursery  practice. — Seeds  of  Shepherdia  ar- 
gentea can  be  sown  in  the  fall  or  stratified 

Figure  2. — Shepherdia  argentea,  silver  buff aloberry : 
seedling  development  at  1,  9,  and  38  days  after  ger- mination. 

60-90  days  and  sown  in  the  spring,  at  a  rate 
of  30-50  viable  seeds  per  linear  foot  or  row 
(9,  12,  IJt).  Most  commercial  nurseries  do  not 
scarify  seed   in   sulfuric   acid   before   sowing. 

Table  3. — Shepherdia:  germination  test  conditions  and  results 

  P''gtreatment                       Germination  test  conditions  Germinative  Germinative 
o                                  Acid                 Cold             energy  capacity                 Data 

^•^^  '^  scari-  strati-  Medium  Temperature  Dura-   source 
fication             fication                                             Day             Night         *'<>"  Amount         Period  Average        Samples 

Minutes             Days                                              °F.                °F.           Days  Percent           Days  Percent        Number 

S.  argentea ...           0         60-90         sand       .         86             68       30-60  26-93         9-18  27-96               7         H 
0                 0         vermiculite          86             68             45  20             20  23               \         1 
0               14           do         86             68             45  66             20  72               11 

0               14           do       '72             72             38  42             20  44               1         i 
S.  canadensis.             0                 0         sand         86             68       30-60  ...             ....  0-14             ....         5,U 

20-30                 0         blotters        86             68             21  ....             ....  72-80             ._..         5 
0               60                 do         33             33             90  ....             ....  37             ....         11 

'  Seed  exposed  to  16  hours  of  light  daily  at  this  temperature. 
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Seeds  should  be  covered  with  14  inch  of  soil. 
Straw  mulch  about  V2  to  1  inch  deep  helps  pro- 

tect the  planting.  About  50  percent  of  the  vi- 
able seeds  sown  produce  usable  1-0  seedlings. 

Field  planting  is  usually  done  with  2-0  stock 
{10,  12,  IJf).  These  nursery  practices  are  prob- 

ably suitable  also  for  S.  canadensis  (9,  H).  S. 
argentea  can  also  be  propagated  by  means  of 
wild  root  sprouts  dug  up  and  transplanted, 
although  results  are  better  if  they  are  trans- 

planted in  a  nursery. 
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Buxaceae — Box  family 

SIMMONDSIA  CHINENSIS  (Link)  C.  K.  Schneid. 

by  Eamor  C.  Nord  '  and  Amraiti  Kadish  ̂  

SIMMONDSIA 

Jojoba 

Other  common  names. — goatnut,  bushnut, 
bucknut,  deernut,  pignut,  sheepnut,  boatberry, 
cofFeeberry,  wild-hazel,  and  quinine  plant. 

Growth  habit,  occurrence,  and  use. — Jojoba  is 
grayish-green,  rounded  to  erect  shrub  gen- 

erally up  to  8  feet  high.  In  desert  habitats  it 
is  semiprostrate  but  on  more  moist  sites  it 
may  reach  a  height  of  16  feet.  Jojoba  occurs 
in  southern  California,  Arizona,  Sonora,  and 
Baja  California  from  sea  level  to  4,000  feet 
elevations  (5,  15).  It  is  climatically  adapted 
to  both  mesic,  equable  coastal  climates  and  the 
continental  inland  deserts,  where  mean  min- 

imum and  maximum  temperatures  range  from 

40°  to  90°  F.  Optimum  development  occurs 
where  annual  precipitation  is  about  10  inches 
for  coastal  populations  and  about  16  to  18 
inches  for  inland  populations  (2,  15). 

Jojoba  is  useful  for  food  and  other  purposes 
(12).  The  foliage  is  highly  palatable  and  nu- 

tritious browse  for  livestock  and  big-game 
animals  (2).  Seeds  have  a  slightly  bitter,  nutty 
flavor  and  have  been  used  locally  for  food  (2, 
3,  12,  13).  The  seed  contain  about  50  percent 
liquid  wax,  made  up  of  esters  of  long-chain 
alcohols  and  fatty  acids  {1,  Jf).  Steroidal  alka- 

loids and  related  compounds  also  occur  in  the 
seed  and  vegetative  parts  {16).  The  wax  has 
been  used  as  a  carrier  for  pharmaceutical  and 
cosmetic  products  and  has  been  investigated 
for  other  possible  uses  such  as  a  plasticizer,  a 
lubricant  {6,  8),  or  a  low  calorie  salad  and 
cooking  oil  (9,  13,  H). 

Flowering  and  fruiting. — The  normal  flower- 
ing period  for  jojoba  is  between  December  and 

April.  In  tropical  Baja  California,  it  may  flower 
almost  any  time  (5,  10).  In  California  and 
Arizona,  flowering  appears  to  be  triggered  by 
a  cool  period  of  2  weeks  or  longer,  followed 

by  warmer  conditions.  Some  off'-season  flower- 
ing occurs  occasionally.  Viable  seed  may  develop 

regardless   of   flowering   date.    The  male   and 

female  flowers  occur  on  separate  plants.  In- 
stances of  hermaphroditic  flowers  on  male 

plants  were  found  in  peripheral  populations  of 
jojoba  in  Arizona.  None  is  known  though  to 
produce  viable  seed  (5). 

The  female  flowers  are  axillary,  greenish  in 
color,  about  14  inch  (13  mm.)  long  on  short 
pedicels.  The  flowers  usually  are  borne  solitary. 
In  certain  populations,  however,  they  may  occur 
in  fascicles  of  up  to  20  flowers.  The  ovary  con- 

tains three  ovules.  The  yellowish  male  flowers, 
about  14  inch  (6  mm.)  long,  are  grouped  in 
dense,  rounded  axillary  clusters.  The  fruit  is 
a  capsule  containing  one  to  three  seeds  that 
mature  between  July  and  October.  Most  cap- 

sules split  at  maturity  and  release  their  seeds. 
Occasionally,  or  in  some  plants,  the  capsules 
drop  before  they  open  and  disintegrate  slowly 
on  the  ground.  A  few  capsules  may  remain  on 
the  bush  for  an  extended  period,  but  m.ost  will 
fall  to  the  ground  with  slight  jarring  (5,  10). 

Seed  color  varies  from  light  brown  to  black 
and  seed  length  is  about  1/2  inch  (12  mm.) 
(fig.  1).  Plants  grown  under  irrigation  may 
bear  fruit  in  3  years.  Otherwise,  longer  periods 

12mm 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 
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Figure  1. — Simniotidsia  chineyisis,  jojoba:  left,  longi- 
tudinal section  through  a  seed,  and  right,  exterior view,  3  X . 
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are  required  before  an  appreciable  quantity  of 
seed  is  produced  (5,  10). 

The  period  of  flowering  and  fruit  develop- 
ment and  seed  yield  per  plant  varied  among 

seed  sources  in  plantation  tests  at  Vista,  Cali- 
fornia (17).  Plants  from  some  sources  consist- 

ently produced  large  seed  crops,  whereas  others 
produced  small  crops  year  after  year. 

Collection  extraction,  and  storage. — Fruits 
matur.^  during  the  summer  and  early  fall. 
However  on  any  one  bush,  about  80  percent  of 
the  fruit  will  mature  and  release  seed  within  a 
period  of  about  2  to  3  weeks.  In  areas  where 
wildlife  feeds  on  the  ripe  fruit,  collections  must 
be  made  while  the  fruit  is  green.  Collecting 
may  commence  when  the  first  10  percent  has 
matured.  Green  fruit  at  the  hard  dough  stage 
may  be  harvested,  and  if  properly  dried,  seed 
will  be  viable  (3,  5,  7). 

The  most  satisfactory  method  for  harve.sting 
is  by  raking  or  vacuuming  fully  ripened  seed 
from  the  ground.  Since  this  method  is  rarely 
feasible  in  the  wild,  the  green  fruit  is  harvested 
by  plucking,  stripping,  or  shaking  into  portable 
containers  commonly  used  for  harvesting  wild- 
land  seed  ill).  The  green  fruit  should  be  dried 
with  ample  aeration  in  the  shade.  Poor  aeration 
will  favor  mold  or  premature  germination  of 
the  seed,  whereas  seeds  in  full  sunlight  will 
shrink  excessively.  Dried  capsules  may  be 
broken  up  in  a  macerator  or  a  hammer  mill 
and  the  seeds  separated  by  screening  and 
fanning. 

Jojoba  seed  generally  has  high  purity  and 
germination  capacity  and,  under  proper  stor- 

age conditions,  retains  high  viability  for  several 
years.  Almost  100  percent  germination  has  been 
obtained  from  seed  stored  10  to  12  years  in 
sealed  containers  kept  at  35  F..  but,  when 
stored  at  ordinary  room  temperatures,  germi- 

nation may  drop  40  percent  or  more  within  2 
years.  One  pound  of  ungraded  field-collected 
seed  contains  from  300  to  1,500  seed.  Even 
small  and  shrunken  seed  mav  germinate,  and 
seedlings,  though  slow  to  develop  in  the  begin- 

ning, will  soon  catch  up  with  their  counterparts 
from  larger  seeds  (3,  7,  10). 

Germination. — Jojoba  seed  germinate  with  no 
pretreatment.  Optimum  germination  tempera- 

tures are  from  60"  to  75°  F.  Germination  is 
hypogeal  (fig.  2)  and  begins  in  5  to  7  days 
after  sowing  in  greenhouse  flats  maintained  at 

70°  F.  Germination  either  breaks  down  or 
seedlings  are  killed  at  higher  temperatures, 
and  at  lower  temperatures  seeds  do  not  germi- 

nate. However,  exposed  for  8  hours  or  longer 

at  70°  F.,  seed  germinates  even  when  it  is 
maintained  thereafter  at  40°   to  50     F.    (7). 

Figure  2. — Simmondsia  chincnsis,  jojoba:   seedlinp  de- 
velopment at  3,  7,  and  14  days  after  germination. 

Seedlings  are  damaged  or  killed  at  temperatures 
less  than  25     F.   (17). 

Field  practice. — Direct  seeding  in  the  field  is 
feasible  where  protection  from  rodents  is  pro- 

vided. The  best  time  for  seeding  is  in  spring, 
when  there  is  little  danger  of  killing  frosts, 
and  when  soil  temperatures  near  the  surface 
are  above  60  F.  during  the  day  and  somewhat 
lower  at  night.  Where  soil  moisture,  tempera- 

ture, and  other  conditions  are  favorable,  good 
emergence  may  be  expected  from  a  sowing 
depth  of  1  to  V/->  inch.  In  coarse-textured  soils, 
a  depth  of  2  inches  is  recommended.  Weeding 
and  tillage  favor  jojoba  seeding  estabishment 
(.?).  Seedlings  must  be  protected  against  clip- 

ping by  rabbits  and  grazing  animals  until  plants 
are  large  enough  to  with.stand  such  use. 

Jojoba  can  be  propagated  also  from  softwood 
stem  cuttings  taken  in  late  spring  or  early 
summer. 
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Solanaceae — Nightshade  family 

SOLANUM  DULCAMARA  L.  Bitter  nightshade 

by  John  A.  Crossley  ̂  

Growth  habit,  occurrence,  and  use. — This 
plant,  also  known  as  bittersweet,  is  a  climbing 
perennial  vine,  somewhat  woody  at  the  base, 
that  grows  to  a  height  of  6  to  12  feet.  It  is 
native  in  Europe,  northern  Africa,  and  eastern 
Asia.  Naturalized  in  North  America,  it  is  often 
found  in  moist  thickets,  from  Nova  Scotia  to 
Minnesota,  south  to  North  Carolina  and  Mis- 

souri (2)  ;  and  from  Idaho  to  Washington  and 
California  (It).  Bitter  nightshade  has  been  cul- 

tivated since  1561,  chiefly  for  ornamental  pur- 
poses, but  it  also  has  food  and  cover  value  for 

wildlife.  The  fresh  berries  are  poisonous  to  most 
people  and  are  fatal  to  rabbits,  but  some  birds 
and  other  wildlife  eat  them  with  impunity.  It 
is  one  of  1200  species  in  the  genus,  most  of 
which  occur  in  the  tropical  and  subtropical 
regions  of  both  hemispheres  (4).  Leaves  of  the 
typical  variety  are  minutely  pubescent  or  nearly 
glabrous.  Many  plants  from  Nova  Scotia  to 
Ontario,  however,  have  distinctly  hirsutulous 
leaves  and  branches.  These  plants  have  been 
segregated  as  the  variety  vUlosissimum  Desr. 
(2). 

Flowering  and  fruiting. — The  violet  flowers, 
occurring  in  long  peduncled  cymes,  bloom 
from  July  to  August.  Ovoid  scarlet  berries, 
about  1-2  inch  long,  ripen  from  August  to  Oc- 

tober. The  seeds  are  small  (about  i  «  inch  long), 
flesh-colored,  irregular  disks,  dully  glistening 
as  if  coated  with  fine  sugar  (fig.  1).  Good  seed 
crops  are  borne  almost  annually. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — Collection  can  be  made  from  July  to 
September  by  hand-picking  the  ripe  berries 
from  the  vines  H).  The  fruits  may  be  rubbed 

through  a  10-mesh  screen,  and  the  pulp  and 

empty  seeds  floated  ofi"  with  water.  Large-scale 
extraction  can  be  done  in  a  macerator.  In  one 

collection  there  were  about  350,000  seeds  per 
pound  (4).  After  careful  cleaning,  purity  has 
been  99  to  100  percent  and  soundness  from  92 

to  99  percent  (3,  Jf).  A  moisture  content  of  6 
percent  has  been  satisfactory  for  storage  pe- 

riods of  less  than  one  year  {1,  3).  Information 
is  lacking  on  viability  after  longer  periods,  but 

storage  in  a  sealed  container  at  34'  to  41"  F. 
may  be  satisfactory. 

Germination. — Freshly  collected  seeds  with 
no  pretreatment  have  a  high  germinative  ca- 

pacity {'f )  (table  1).  In  some  lots  of  stored  seed, 

3mm 

"  Northeastern  Forest  Exp.  Stn. 

Figure  1. — Solnnum  dulcamara,  bitter  nightshade:  ex- 
terior view  of  seeds  (above)  and  longitudinal  section 

through  the  embryo  of  a  seed  (below),  1(5  x. 
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Table  1. — Solanurn  dulcamara:  stratification  periods,  germination  test  conditions,  and  results 

Time 
in 

storage 

Stratifi- 
cation 

period  ̂ 

Germination 

test  conditions ' 
Daily 

Light 
Period 

Germinative 

energy 

Germination  capacity 

Dura- 
tion Amount Period 

Average 
Samples 

Data 

source 

Mon  ths 
0 

7 

Days 

0 
0 

30 
0 

Hours 
Days 

9 
134 
53 
49 

Percent 

61 46 

71 
97 

Days 

9 
20 
25 

21 

Percent 

61 
67 

78 
98 

Number 

2 
3 
1 

10 

'  Stratification,  when  used,  was  in  a  moist  medium  at  34°  to  41°  F. 
■Temperatures  were  alternated  diurnally  from  86°  for  8  hours  to  68' 

when  used,  was  supplied  during  the  warm  period. 

^  Stored  seed  but  storage  time  was  not  specified. 

F.  for  16  hours  of  each  24-hour  day.  Light, 

the  germination  rate  has  been  increased  by 
stratification  in  a  moist  medium  at  41"  F.  for 
30  days  (^).  When  seeds  were  germinated  under 
light,  however,  stratification  was  not  necessary. 
With  diurnally  alternating  temperatures  and 
with  light  for  8  hours  per  day,  germination  was 
completed  in  21  days  with  no  previous  stratifi- 

cation (5)  (table  1).  Germination  is  epigeal 
(fig.  2). 
Nursery  practice. — It  is  suggested  that  the 

seed  be  sown  in  the  fall  if  untreated,  or  if 
stratified,  sown  in  the  spring  and  covered  with 
about  one-eighth  inch  of  soil.  This  species  can 
also  be  propagated  by  root  or  stem  cuttings  {U)- 
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Figure  2. — Solamim  dulcamara,  bitter  nightshade:  seed- 
ling development  at  1,  2,  6,  and  12  days  after  germi- nation. 
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Rosaceae — Rose  family 

SORB  ARIA  SO  RBI  FOLIA  (L.)  A.Br. 

bv  Paul  O.  Rudolf  ' 

Ural  false-spiraea 

The  Ural  false-spiraea  (synonyms:  Spiraea 
sorbifoUa  L.,  Basilima  sorbifolia-  Raf.)  is  native 
to  northern  Asia  from  the  Urals  to  Kamchatka, 
Sakhalin,  and  Japan.  It  is  a  deciduous  shrub 
from  3  to  7  feet  tall  usually  grown  as  an  orna- 

mental for  its  bright-green  foliage  and  con- 
spicuous panicles  of  v/hite  flowers  (1,2,3);  the 

species  is  also  useful  for  watershed  protection 
and  wildlife  habitat.  It  is  one  of  about  eight 
species  native  to  northern  and  eastern  Asia  (3, 
4).  The  Ural  false-spiraea  often  escapes  from 
cultivation  in  the  eastern  United  States. 

The  shiny,  white,  bisexual  flowers  bloom  in 
May,  June,  and  July  in  the  northern  United 

'  North  Central  Forest  Exp.  Stn. 

r4mm 

pericarp 

seedcoat 

■endosperm 

■cotyledons 

hypocotyl 

radicle 

•0 

Figure     1. — Sorbaria     sorhifoUu,     Ural     false-spiraea: 
longitudinal  section  throug-h  a  seed,  24   X. 

States  {3,  If).  The  fruits  are  small  shiny  follicles 
that  ripen  in  August  in  Minnesota  {3,  U,  5). 
Good  seed  crops  are  borne  almost  every  year 
(5).  Seeds  are  small  and  fusiform  (fig.  1). 
The  ripe  fruits  should  be  picked  from  the 

bushes  by  hand  and  separated  from  the  pan- 
icles. The  fruits  may  be  kneaded  in  a  bag  or 

rubbed  to  break  them  up  and  then  fanned 
carefully  to  separate  the  seeds  from  the  debris. 
In  one  sample  there  were  about  189,000  dried 
follicles  and  about  756,000  seeds  per  pound  (5). 
No  data  on  seed  purity  or  soundness  are  avail- 

able. Seed  may  be  stored  dry  in  sealed  con- 
tainers at  34°  to  41'  F.  if  they  are  to  be  held 

longer  than  over  winter.  Duration  of  viability 
under  these  conditions  is  not  known. 

Apparently  some  of  the  seeds  have  internal 
dormancy  and  it  is  suggested  that  they  be 
stratified  in  a  moist  medium  for  30  to  60  days 
at  34"  to  41°  F.  Germination  test  data  are  un- 

available, but  it  is  suggested  that  tests  be  made 
in  germinators  or  sand  flats,  using  pretreated 
seeds  at  a  temperature  of  about  68°  (night)  to 
86°  F.   (day)  for  40  days. 

Seed  should  be  sown  immediately  after  col- 
lection in  the  late  summer  or  stratified  seed 

used  in  the  spring  {6).  The  seed  should  be 
covered  only  lightly  with  soil  {1). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Bailey,  L.  H. 
1939.  The  standard  cyclopedia  of  horticulture. 

3,6.39  p.  The  Macmillan  Co.,  New  York. 
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1960.  Handbuch  der  Laubgeholze.  2  vols.,  495 
and  608  p.  Parev,  Berlin.  (In  German.) 
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Macmillan  Co.,  New  York. 
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1955.  Trees  and  shrubs  of  the  upper  Midwest. 

411  p.  Univ.  Minn.  Press,  Minneapolis. 
(5)  Rudolf,  Paul  0. 

Observations  and  data  filed  1969,  1970.  USDA 
Forest  Scrv.,  North  Cent.  Forest  Exp.  Stn., 
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779 



SORBUS 

Rosaceae — Rose  family 

SORBUS  L. Mountain-ash 

by  A.  S.  Harris  '  and  William  I.  Stein  ̂  

Growth    habit,    occurrence,    and    use. — The 
mountain-ashes  include  more  than  80  species 
of  deciduous  trees  and  shrubs  distributed 
through  the  northern  hemisphere  (21).  Their 
graceful  foliage,  showy  flowers,  and  brightly 
colored  fruits  make  them  especially  sought  for 
ornamental  plantings.  The  fruits  are  an  impor- 

tant food  for  birds  and  rodents  (29),  and  that 
of  some  species  is  made  into  preserves  (21). 
Twigs  furnish  browse  for  deer  and  moose  (29)  ; 
the  strong,  close-grained  wood  is  sometimes 
used  for  tool  handles    (27).  Among  the  four 

^  Pacific  Northwest  Forest  &  Range  Exp.  Stn. 

species  described  in  table  1,  Sorbiis  aucuparia, 
introduced  from  Europe,  is  the  most  widely 
planted.  In  some  areas  of  the  United  States  and 
Canada,  it  has  escaped  from  cultivation  (2,  21, 30). 

Sorbus,  like  other  genera  within  Rosaceae, 
is  a  plastic  genus  comprised  of  poorly  defined 
taxa  that  show  extensive  introgression  where 
their  ranges  meet  or  overlap  (2).  Geographic 
races  may  have  developed,  especially  in  S.  micu- 
paria  as  evidenced  by  its  wide  range  and  the 
several  forms  and  varieties.  Seed  of  two 

Bavarian  sources  differed  in  germination  char- 
acteristics   (3).    Hybrids    between    species    of 

Table  1. — Sorbus:  nomenclature,  occurrence,  and  iises;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses' 

Data  compilers 
for  the  species 

S.  aniericniia  Marsh.        
Pijrus  americana 

(Marsh.)  DC. 
Pyrus  americana 

p  microcarpa  (Pursh) 
Torr.  and  Gray. 

S.  aucuparia  L.       
Pyrus  aucuparia  (L.) 

Gaertn. 
S.  sxihi^estita  Greene. 

,  decora  (Sarg.)  Schneid. 
Pyrus  americaiui  (Marsh. 

DC.  var.  decora  Sarg. 
S.  americana  var.  decora 

(SarR.)  Sarg-. Pyrus  decora  (Sarg.) 
Hyland. 

.  sitcheitsia  Roeni.         .        
S".  californica  Greene. 
Pyrus  sitchensis 

(Roem.)  Piper. 
S.  cascadensis  G.  N. 

Jones. 

American  mountain- 
ash,  mountain-ash, 
small-fruited  moun- 
tain-ash. 

European  mountain- 
ash,  rowan-tree. 

showy  mountain-ash, 
mountain-ash, 
large-fruited  moun- 
tain-ash. 

Sitka  mountain-ash, 
Pacific  mountain- 
ash,  western  moun- 

tain-ash, California 
mountain-ash. 

Newfoundland  and  Quebec  H,  E  R.  M.  Godman. 
westward  to  southeastern 
Manitoba  and  Minnesota 
southward  to  northern  Illi- 

nois and  New  Jersey,  and 
in  mountains  to  northern 
Georgia. 

Native  of  Europe  and  Asia.  T,  H,  E         Paul  0.  Rudolp 
Introduced  in  Newfoundland 
and  Labrador  west  across 
southern  Canada  to  British 
Columbia  and  southeastern 
Alaska,  and  southward 
across  northern  United 

States  from  Oregon  to  Penn- svlvania. 

Southern  Greenland,  Labrador,    H,  E  R.  M.  Godman. 
and  Newfoundland  to  Que- 

bec, Ontario,  and  Minnesota, 
south  to  Iowa,  northern  In- 

diana, Ohio,  New  York,  and 
Maine. 

Yukon  to  southern  Alaska  H,  E  A.  S.  Harris, 
southward  to  central  Cali- 

fornia and  western  Nevada; 
eastward  to  northern  Idaho 
and  northwestern  Montana. 

'  T:  timber  production,  H:  habitat  and  food  for  wildlife,  E:  environmental  forestry. 
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Sorbus  and  between  species  of  Sorbiis  and 
Aronia  or  Amelanchier  are  known  to  occur 
{21). 
Flowering  and  fruiting. — The  white,  perfect 

flowers  are  borne  in  large,  rather  flattened 
clusters  from  April  until  July  depending  on 
species  and  location,  with  fruit  ripening  from 
August  until  October  (table  2).  The  showy- 
fruits  are  orange  red  to  bright  red  when  ripe 
(table  3  and  color  plate).  Fruits  are  two-  to 
five-celled,  berrylike  pomes  (fig.  1)  with  each 
cell  containing  one  or  two  small,  brown  seeds 
(figs.  2  and  3).  Fruits  may  remain  on  trees 
until  late  winter  and  are  thus  available  for 
birds  during  critical  periods.  Seed  dispersal  is 
chiefly  by  birds. 

S.  aucuparia  begins  bearing  seed  at  about 
15  years  of  age  and  good  seed  crops  occur 
almost  annually  (27).  Seeds  are  subject  to 
attack  by  several  species  of  chalcid  flies  (22). 

Collection  of  fruits. — Fruit  must  be  picked  or 
shaken  from  the  tree  as  soon  as  it  is  ripe  to 

S.  americana 
American  mountain-ash 

S.  sitchensis 

Sitka  mountain-ash 

Figure  2. — Sorbus:  seeds,  8  X. 

prevent  losses  to  birds  (27).  It  may  be  picked 
earlier,  as  soon  as  it  begins  to  color  i2i).  If 
picked  before  it  is  fully  ripe,  collected  fruit 
should  be  piled  in  heaps  and  allowed  to  decom- 

pose for  about  2  months  before  seeds  are  re- moved (18). 

r4.5mm 

S.  decora 

showy  mountain-ash 

^0 

Figure  1. — Sorbus  decora,  showy  mountain-ash:  cluster         Figure  3. — Sorbus  aucuparia,  European  mountain-ash: 
of  fruits,  1  X.  lon^tudinal  section  through  a  seed,  12   X. 

Table  2. — Sorbus:  phenology  of  flowering  and  fruiting 

Species  Location  ^'dltel"^ 

americana            May  to  July 
aucuparia    Apr.  to  May 

Southeast  Alaska  June  to  July 
decora      May  to  July 
sitchensis            ._  June 

Southeast  Alaska  July       _        , 

Fruit  ripening 

dates 
Seed  dispersal 

dates 

Data 

source 

Aug.  to  Oct. 
Aug.  to  Sept. 
Oct. 
Aug.  to  Sept. 
Aug.  to  Sept. 
Sept.  to  Oct. 

Aug.  to  Mar. 
Aug.  to  winter 
Oct.  to  winer.       

Aug.  to  Mar.  .  . 
Aug.  to  June   
Sept.  to  late  winter 

A,  27,  29 18,27,29,  31 
8 

h,  27,  29 
16,17,29 
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Table  3. — Sorbus:  growth  habit,  height,  fruit  diameter,  and  color  of  ripe  fruit 

Species 
Growth 
habit 

Tree 
height  at maturity 

Year  of 
first 

cultivation 

Fruit 

diameter 
Color  of 

ripe  fruit 

Data 

source 

S.  americana    shrub  or  tree- 
S.  aucuparia    tree           
S.  decora    shrub  or  tree 
iS.  sitchensis    shrub  or  tree- 

Fee  i 
13-30 
16-65 
20-40 
12-20 

Inches 

1811         %-y4 
Long  cultivated         ¥3-% 
1636         V3-V2 
1918-_---           V3-V2 

Bright  red    21,  23 
Orange  red  to  bright  red  21,30 
Vermilion  red    ^,  21,  23 
Bright  red    8,  21,  30 

Extraction  and  storage  of  seeds. — Seeds  may 
be  extracted  by  putting  the  fleshy  fruit  through 
a  macerator  or  a  fruit  press.  Maceration  must 
be  done  carefully  to  avoid  mechanical  damage 
to  the  seeds  (12).  After  maceration  the  pulp 
can  be  floated,  screened,  or  skimmed  off  (7, 
10,  27).  Following  drying,  the  seed  should  be 
fanned  to  remove  debris  and  flat,  empty,  or 
partly  filled  seeds.  If  fruit  is  pressed,  the  matted 
pulp  can  be  broken  up,  dried,  and  separated 
from  the  seed  in  a  blower,  or  the  dried  pulp  and 
seed  may  be  sown  together.  Seed  should  be 
cleaned  for  storage,  however  (5). 

Cleaned  seed  has  been  stored  under  cold,  dry 
conditions  for  2  to  8  years  with  little  loss  of 
viability  (.5,  11,  21).  For  best  results,  storage 
in  sealed  containers  at  6-  to  8-percent  moisture 
content  and  temperatures  of  34°  to  38°  F.  is 
recommended  {11).  Storage  at  room  tempera- 

ture has  proven  satisfactory  for  S.  aucuparia, 
but  relative  humidities  much  above  or  below 
25  percent  are  unfavorable  at  higher  storage 
temperatures  {6).  Seed  may  also  be  stored 
over  winter  in  outdoor  stratification  pits  (^^). 
The  yield  and  size  of  cleaned  seed  vary  among 
species  (table  4). 

Pregermination  treatments  and  germination 
tests. — Sorbus  seeds  require  60  days  or  more  of 
cold  stratification  at  33°  to  41°  F.  in  moist 
sand,  moss,  soil,  or  other  medium  (table  5). 
Following  stratification,  seeds  of  the  four  spe- 

cies listed  germinated  reasonably  promptly 
when  tested  near  room  temperature  and  at  least 

three,  notably  S.  aucuparia,  completed  germi- 
nation if  held  moist  for  60  to  150  or  more  days 

at  stratification  temperature  (5,  19,  26,  32). 
Six  unlisted  species  of  Sorbus  have  also  demon- 

strated this  capability,  but  several  showed 
better  germination  at  a  temperature  between 
41°  and  50°  F.  than  between  33°  and  41°  F. 
(19).  The  cold  stratification  period  required 
by  S.  aucuparia  was  shortened  in  some  in- 

stances if  seeds  were  first  stored  dry  at  room 
temperature  for  6  months  (5).  Seed  of  this 
species  will  go  into  secondary  dormancy  if 
exposed  to  warm  germination  conditions  when 
incompletely  stratified  or  if  stored  dry  after 
a  period  of  cold  moist  stratification  (5). 

Lengthy  warm  moist  stratification  preceding 
the  cold  period  did  not  improve  total  germina- 

tion (H,  26)  and  sometimes  lengthened  the 
cold  period  required  to  complete  it  (32).  Acid 
scarification  did  not  materially  shorten  the  re- 

quired cold  conditioning  period  (1,  13,  26)  but 
in  one  instance  it  increased  total  germination 
(IS).  Opportunities  appear  excellent  for  further 
improving  Sorbus  germination  test  procedures 
(1,  5,  13,  lU,  26). 
A  test  of  viability  can  be  made  quickly  on 

excised  embryos  (5,  6,  9,  13).  As  practiced  by 
Flemion  (6),  embryos  were  excised  from  seeds 
that  had  been  soaked  in  water  overnight.  After 
incubation  at  68°  F.  for  6  days,  viable  embryos 
either  retained  their  freshly  excised  appear- 

ance or  their  cotyledons  enlarged  and  became 
deep  green;  nonviable  embryos  deteriorated  or 

Species 

Table  4. — Sorbus:  cleaned  seeds  per  pound  and  other  yield  data 

Weight  of 
a  bushel 
of  fruit 

Seeds  per 

100  pounds 
of  fruit 

Seed  yield 

per  bushel of  fruit 

Cleaned  seeds  per  pound 
Range 

Average       Samples 
Data  source 

Poiinds 

S.  americana  - 
S.  aucuparia  \ 
iS.  decora   

30 

S.  sitchensis "  _ 40 

Pounds 

3-7 1-5 

1-5 

Pounds 

1-2 

1-2 

Nu7nber 

83,000-235,000 
91,000-170,000 

66,000-175,000 

Nu7ubcr 

160,000 
125,000 

127,000 
140,000 

Number 

8 
30 
1 
6 

25,  26,  27,  29 
7,18,25,26,27,31 
26,  28 

1, 8, H, 15, 17,25,28 

^^  The  number  of  fresh  fruits  per  pound  in  one  sample  was  2400  with  an  average  of  3  filled  seeds  per  fruit  (20). 
"The  number  of  dry  fruits  per  pound  in  one  sample  was  6210  (17). 
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Table 5. — Sorhiis •  stratification  pet iods,  germirmtion  test conditions,  and results 

Species 
Strati- fication 

Germ ination  test  conditions _     Germinative 

energy 

Germi- 
native S amples 

Data 
Moist Temperature 

Dura- period ' 

medium Night 

Day 

tion 
Amount Period capacity 

Days 

°F. 

"F. 

Days 
Percent 

Days 
Petcent 

TV 

'umber 

,9 
americcina 150 

-      41 

41 

C) 15 
132 

16 

4 26 
90 -.      50 50 60 11 22 

12 

4 26 

60 
-      86 68 

14 

13 

8 13 4 26 
S. aucuparia   60-120 Peat  moss 

33 
33 

(') 
54 73 

90 

5 5 

150-210 Sand   -       38 38 

C) 
95 26 32 

120 
Paper   

--      68 68 

60 

1 

13 

S. decora   
90 

Sand   -_       86 68 

60 

10 4 26 
s. sitchensis-^   140 Peat  moss- 70 

70 

11 15 2 15 90 
Paper _.    '86 

68 53 30 10 30 1 1 
120 Soil   - -- 50 21 1 

17 

^  stratification  in  moist  sand,  moss,  soil,  or  petri  dish  at  temperatures  between  32°  and  41°  F. 
-  Germination  occurred  during  the  stratification  period. 
'  At  this  temperature,  seeds  were  exposed  to  light  for  8  hours  daily. 

turned  pale  yellow-green.  Viability  determined 
by  these  criteria  averaged  about  20  percent 
higher  than  actual  germination  of  stratified 
seed  from  the  same  lots.  In  another  comparison, 
estimates  of  viability  obtained  by  tetrazolium 
test  were  comparable  to  those  obtained  by 
culturing  excised  embryos,  but  viability  esti- 

mates from  both  quick  tests  were  substantially 
higher  than  germination  obtained  from  strat- 

ified seed  {13). 

Nursery  practice. — Unstratified  Sorhus  seed 
should  be  sown  in  the  fall  or  early  winter  (5, 
5,  10,  12)  ;  sowing  may  also  be  done  during 
late  winter  or  very  early  spring  if  there  is 
enough  time  for  postsowing  cold  conditioning 
or  the  seed  has  received  cold  stratification  (5, 
27).  July  and  August  sowing  of  untreated  seed 
for  seedling  production  the  following  spring 
may  also  prove  satisfactory,  since  some  Sorhus 
seeds  benefit  from  moist,  warm  conditioning 
prior  to  the  moist  prechilling  supplied  by  winter 
weather  (12). 

Cleaned  seeds  can  be  sown  in  drills ;  berries 
or  dried  macerated  pulp  with  seeds  must  neces- 

sarily be  broadcast.  When  seeds  are  not  re- 
moved from  berries  before  sowing,  germination 

is  slower  and  generally  not  as  satisfactory  (3, 
5,  12).  A  shallow  covering,  one-sixteenth  of  an 
inch,  is  desirable  (27).  Seeds  may  be  mixed 
with  sand  and  fall-sown  on  the  surface  (18), 
or  covered  with  sand,  soil,  sawdust,  or  peat  moss 
and  mulched  thinly  with  pine  neeedles,  peat 
moss,  wood  chips,  or  hardwood  leaves  (10). 
Good  first-year  results  have  been  obtained  by 
fall  and  winter  sowing  of  untreated  seeds  with- 

out mulch  in  board-covei*ed  coldframes  (5). 
Sowing  on  snov*^  has  also  proven  satisfactory 
(3).  Many  seeds  are  likely  to  germinate  in  the 
second  or  third  season  if  sown  late  or  without 

Figure  4. — Sorbus  amcricana,  American  mountain-ash: 
seedling  development  at  1,  3,  7,  and  24  days  after  ger- mination. 

adequate  pretreatment  (3,  5,  27).  Germination 
is  epigeal  (fig.  4). 

Mountain-ash  seedlings  are  quite  hardy  and 
little  susceptible  to  insects  or  disease,  although 
unprotected  seedlings  may  be  nipped  by  deer 
(3,  27).  For  field  planting.  1-1  stock  is  best, 
but  2-0  is  often  suitable  (27). 
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SPIRAEA 

Rosaceae — Rose  family 

SPIRAEA  BETULIFOLIA  Var.  LUCID  A  (Dougl.)  G.  L.  Hitchc. 
Birchleaf  spirea 

by  Peter  F.  Stickney  ̂  

Synonyms. — Spiraea  lucida  Dougl.,  Spiraea 
corymbosa  var.  lucida  Zobel. 

Other  common  names. — White  spirea,  white 
meadowsweet,  shinyleaf  spirea. 

Birchleaf  spirea  is  a  low  deciduous  shrub  y^ 
to  2  feet  high.  In  North  America,  the  variety 
lucida  is  native  from  British  Columbia  to  north- 

ern Oregon  and  eastward  to  Saskatchewan, 
South  Dakota,  and  Wyoming.  Another  variety, 
corymhosa,  occurs  naturally  in  eastern  United 
States.  Birchleaf  spirea  grows  on  a  wide  range 
of  forest  sites,  from  sea-level  to  subalpine,  but 
its  best  development  appears  in  recently  opened 
habitats  in  mesic  forest  types  at  moderate  ele- 

vations. This  strongly  rhizomatous  shrub  is 
potentially  useful  for  watershed  rehabilitation, 
particularly  on  road  fills.  It  was  cultivated  as 
early  as  1885  {6)  ;  the  showy,  flat-topped  in- 

florescences of  white  flowers  recommend  it  for 
ornamental  plantings. 

The  perfect,  very  small  (1.0-1.5  mm.)  flowers 
bloom  from  June  through  early  August  {3,  4). 
At  elevations  around  3,200  feet,  in  the  Northern 
Rocky  Mountains,  the  beginning  of  the  flower- 

ing period  may  vary  from  early  June  to  early 
July  {1,  2,  i).  The  period  of  fruit  ripening 
ranges  from  mid-July  to  early  September  (1, 
2,  U),  and  seed  dissemination  occurs  in  October 
(2). 

Seeds,  borne  in  a  follicle  2  to  3  mm.  long,  are 
shed  when  the  fruit  becomes  straw  colored  or 
light  brown  and  splits  down  one  side  (7).  No 
estimates  of  the  number  of  seed  per  pound  have 
been  made,  but,  due  to  their  very  small  size 
(2  mm.  or  less)  and  fusiform  shape  (fig.  1), 
the  number  is  probably  in  millions.  Seed-bearing 
shrubs  will  be  those  that  are  growing  in  full 
sun  (7). 

Seed  requires  no  stratification  and  has  the 

ability  to  germinate  at  low^  temperatures  (32° 
to  36°  F.)  when  kept  under  such  conditions  for 
more  than  120  days  (.5).  This  suggests  that  seed 
sown  in  the  fall  and  overwintering  under  the 
snow  will  germinate  about  the  time  of  snowmelt 

to  take  best  advantage  of  conditions  favorable 
for  seedling  development.  A  test  of  six  samples 
of  seed  in  southern  British  Columbia  showed  a 

germinative  capacity  of  68  percent  when  germi- 
nated at  70°  F.  (5). ■2  mm 

'  Intermountain  Forest  &  Range  Exp.  Stn. 

■0 

Figure  1. — Spiraea  betulifolia  var.  lucida,  birchleaf  spi- 
rea: long-itudinal  section  through  a  seed,  60  X  (from 

sketch  by  Peter  F.  Stickney). 
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Caprifoliaceae — Honeysuckle  family 

SYMPHORICARPOS  Duham. 

by  Keith  E.  Evans  ̂  

Snowberry 

Growth  habit,  occurrence,  and  use. — Snow- 
berries  occur  in  North  America  from  Alaska  to 
Mexico  (with  one  species  native  to  China)  and 
include  about  15  closely  related  dwarf  to  medi- 

um-sized, thicket-forming  deciduous  shrubs. 
Three  species,  including  one  with  two  varieties, 
are  considered  here  (table  1).  The  snowberries 
have  been  used  in  wildlife  plantings  to  provide 

Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

food  and  cover  for  game  birds  and  small 
animals.  S.  orbiciilatns  and  S.  occidentalis  have 
been  used  to  some  extent  for  erosion  control. 
S.  orbicidatvs  and  the  two  varieties  of  S.  albvs 
make  desirable  ornamental  plantings  because  of 
their  attractive  fruits  (2). 

Flowering  and  fruiting. — The  pinkish  to  yel- 
low'ish-white  perfect  flowers  are  borne  in  dense 
axillary  or  terminal  clusters  in  midsummer 
(table  2).  The  fruit  is  a  berrylike  drupe — white 

Table  l. — Si/mphoncarpos:   nomenclature,  occurrence,  and  usef^;  data  comqnlers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses^ 

Data  compilers 
for  the  species 

S.  albus  var.  albus  Blake 
S.  racemosus  var.  race- 

mosiis  Michx. 
S.  albus  (L.)  Blake  var. 

laevigatas  (Fern) 
Blake. 

jS.  racemosus  var. 
laevigatus  Fern. 

S.  rivularis  Suksd. 
Vaccinium  album  L. 

S.  occidentalis  Hook     _ 

S.  orbiculatus  Moench 

common  snowberry 

garden  snowberry, 
Columbia  snow- berry. 

western  snowberry, 
wolfberry,  buck- 
biTish. 

Indian-currant, 
Indian-currant 
snowberry,  coral- berry. 

Hudson  Bay  to  Alaska,  south  to  H,  E 
California,  and  east  to  North 
Carolina. 

Southern  Alaska,  south  to  Cali- 
fornia, Montana,  and  Colorado. 

James  S.  Jordon. 

H,  W,  E         Peter  F.  Stickney. 

Michigan  to  British  Columbia,  H,  W 
south  to  Illinois  and  New  Mexico. 

New  Jersey  to  South  Dakota,  south      H,  W,  E 
to  east  Texas  and  Georgia. 

Keith  E.  Evans, 
and  E.  Chester 
Garrett. 

R.  A.  Read. 

H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 

Table  2. — Syrnphoricarpos:  phenology  of  flowering  arid  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 

dates ' 

Data 

S.  albus 
var.  albus     Michigan    June  1-Julv  31       Sept.  1-Oct.  31      

May  1-September  30  Aug.  1-Oct.  31      
Idaho,  2,300  ft.        June  5-August  5    Aug.  1-  Sept.  5    

var.  laevigatus    Missoula  Co.,  Mont. 
3,200  ft     June  20-August  15    Aug.  15-  Sept.  30     , 
4,400  ft    July  1-Julv  30        Aug.  25-  Sept.  20  _ 
5,400  ft    July  15-August  30    Sept.  10-Oct.  5   
6,400  ft      July  25-September  5  Sept.  25-Oct.  25      _ 

S.  occidentalis        Pennington  Co.,  S.  Dak. 
2,500  ft    June  1-July  31          Sept.  1-Oct.  31 

S.  orbiculatus       July  1-August  31    Sept.  1-heavy  frost 

1 
18 

U 
U 
U 
U 

3 
18 

'  Fruits  persist  on  the  plants  until  the  following  spring  except  for  those  consumed  by  birds  and  mammals  (IJt,  18). 
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S.  a/bus  var.  laevigatas 
garden  snowberry 

S.  occidental  is 
western  snowberry 

S.  orbiculatus 
Indian-currant 

Figure  1. — Sytnphoricarpos :  nutlets,  8  X- 

in  most  species  (color  plate)  but  in  others  dark 
red,  pink,  or  bluish  black  (table  3).  Fruits  ripen 
by  late  summer  or  early  fall.  Each  fruit  contains 
two  nutlets  (pyrenes).  These  are  flattened  on 
one  side  and  are  composed  of  a  tough,  bony 
endocarp,  a  seedcoat,  a  fleshy  endosperm,  and  a 
small  embryo  (figs.  1  and  2).  The  nutlets  are 
used  as  seeds.  They  are  dispersed  from  late  fall 
to  the  following  spring,  largely  by  birds  and 
mammals.  Normally,  a  good  seed  crop  is  pro- 

duced each  year  (5,  18). 

Collection  of  fruits. — Ripe  fruits  (table  3) 
can  be  collected  at  any  time  during  the  fall  and 
winter  by  stripping  or  flailing  the  clusters  from 
the  branches  onto  canvas,  or  the  fruits  may  be 
picked  by  hand.  Those  collected  in  early  fall 

Table  8. — Symphoricarpos :  height,  year  of  first 
cultivation,  and  color  of  ripe  fruit 

Height    Year  of  Color 
Species  at  ma-    first  cul-         of  ripe 

turity    tivation  fruit 

Data 

source 

Feet 
S.  albus 

var.  albus  .  . 1-5 1806 Waxy  white 1 

var.  laevi- 
gatus   3-6 1806 White U 

iS.  occidentalis 1-3 1880 White,  black 
after  frost. 

3 

S.  orbiculatus 2-6 1727 Purplish  red 
18 

•3.5  m  m 

•0 

micropyle 

Figure  2. — Symphoricarpos  albus  var.  albus,  common 
snowberry:  longitudinal  section  through  a  nutlet, 20  X. 

contain  considerable  moisture  and  therefore 
require  careful  handling  to  prevent  heating 
{18).  Examples  of  weights  of  fruits  per  bushel 

are — 

S.  occidentalis,  fresh  weight,  58  pounds  (5). 
S.  orhicnlatus,  dry  weight,  13  pounds  {6). 
Extraction  and  storage  of  seeds. — After 

twigs,  leaves,  and  other  debris  have  been  sifted 
out,  the  seeds  can  be  readily  extracted  by  run- 

ning the  fruit  through  a  macerator  with  water, 
and  allowing  pulp  and  empty  seeds  to  float  away 
(10).  Dried  fruit  should  be  soaked  for  several 
hours  prior  to  maceration.  After  being  dried 
and  fanned,  the  seeds  are  ready  for  storage 
(3, 10,  12).  Numbers  of  cleaned  seeds  per  pound 
are  listed  in  table  4.  Symphoricarpas  seeds  re- 

tain viability  for  long  periods  when  stored  dry 
at  low  temperature.  Dried  seeds  of  S^.  albiis 

stored  in  a  sealed  container  at  41°  F.  gave  45- 
percent  germination  after  2  years,  with  an  ad- 

ditional 35  percent  still  sound  at  the  conclusion 
of  the  test  (18).  Seeds  of  this  species  have  also 
remained  viable  for  21/2  years  stored  dry  at 
room  temperatures  (18). 

Pregermination  treatments. — Nutlets  of  Sym- 
])horicar}nis  are  extremely  difficult  to  germinate 
because  they  have  a  hard,  tough,  impermeable 
endocarp  and  a  partially  developed  embryo  when 
harve.sted.  Warm  stratification  at  room  tem- 

perature for  3  or  4  months  has  been  used  to 
soften  the  endocarp.  A  subsequent  period  of 
cold  stratification  at  41°  F.  for  4  to  6  months  is 
necessary  to  induce  full  development  of  the  em- 

bryo. Sulfuric  acid  scarification  has  been  used 
in  place  of  warm  stratification  to  soften  the 
endocarp,  but  the  resulting  germination  was 
not  as  satisfactory  in  most  of  the  trials  (5,  9, 
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Table  4. — Symphoricarpos :  cleaned  seeds  per  pound  and  other  yield  data 

Samples 

Data 
sources 

Yield  of  ^,  ,        ,  , 
cleaned  seed  Cleaned  seeds  per  pound 

Species  per  100   

  reshfrult  ̂ ange  Average 
Pounds  Number  Niiviber 

S.  albus 

var.albus'                         3  54,000-113,000  76,000 
var.  lacvigatus    39,000-  65,200  55,400 

S.  occidentalis^.,   _  _                   5-10  52,000-  98,700  74,400 
S.  orbiculatus  =  _                         7  135,000-144,000  140,000 

'Number  of  dried  fruits  per  pound  was  18,000  (12). 
-  Seed  yield  per  100  pounds  of  dried  fruit  was  18  to  33  pounds  (6,  18). 

Niimber 

10 

5+ 

6  + 

2 

12,  15,18 

9,10,  12,16,  17 
11,15,18 

13,18 

10).  Germination  capacities  resulting:  from 
several  pregermination  treatment  combinations 
are  listed  in  table  5.  The  highest  germination 
capacities  were  usually  obtained  after  warm 
stratification  at  room  temperatures  for  3  to 

4  months  followed  by  cold  stratification  at  41'^  F. for  4  to  6  months. 

Germination  tests. — Some  of  the  germination 
capacities  in  table  5  were  obtained  with  pre- 
treated  seed  on  a  sand-peat  medium  at  diurnally 

alternating  temperatures  of  86°  F.  and  68  '  F. 
for  10  to  30  days  (5,  18).  In  other  cases,  germi- 

nation occurred  during  the  cold  stratification 
pretreatment  period  (9).  Germination  is  epigeal 
(fig.  3). 

Nursery  practice. — Warm  stratification  (86' 
F.)  in  a  sand-peat  medium  for  90  to  120  days 
has  been  an  adequate  presowing  treatment  for 
fall  sowing  of  S.  occidentalis  (19).  Before 
spring  sowing,  however,  seeds  should  be  given 
an  additional  6  months  of  cold  stratification  at 

41°  F.  (19).  Desired  seedling  density  in  nursery 

beds  is  about  30  seedlings  per  sq.  ft.  (7,  18). 
Seeds  should  be  covered  with  about  14  inch  of 
soil  and  •'■  |.  inch  of  sawdust  mulch.  Early  shade 
has  been  beneficial  for  seedlings  of  S.  orbicula- tus (18). 
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(2)  Chadwick,  L.  C. 
1935.  Practices  in  propagation  by  seed.  Strati- 

fication treatments  for  many  species  of 
woody  plants.  Am.  Nurseryman  62(12): 
3-9. 

(3)  Evans,  Keith  E. 
Observation  recorded  1969.  USDA  Forest 

Serv.,  Rockv  Mt.  Forest  and  Range  Exp. 
Stn.,  Rapid  City,  S.  Dak. 

(4)  Fleniion,  Florence. 
1934.  Physiological  and  chemical  changes  pre- 

ceding and  during  the  after  ripening  of 
Sj/mphoricarpos  racemosus  seeds.  Contrib. 
Boyce  Thompson  Inst.  6:  91-102. 

Table  5. — Sy)nphorica)pos:    effect  of  several  pregermiiiatioii 
treatments  on   ciermination  capacity 

Species 

Immersion 
time  in H...SO, 

Stratification 
Warm 

period  ' 

Cold 

period  ' 

Germination 
capacity 

Data 

sources 

S.  albus 
var.  albus   

var.  laevigatus 

S.  orbiculatus   

^  Room  temperature. 
=  41°  F.  or50°  F. 

Minutes 

60 
75 

20 0 
60 
0 

60 
0 

30 
30 

Days 

60 

20 0 112 

84 
91 0 120 
20 120 

Days 

180 180 

60 
182 
168 
182 
140 
120 

120- 

180 

Percent 

35 

74 

1 
45 
69 
87 
32 

72 

58 

81 

18 
U 

16 

9 
9 
9 
10 
5 
5 
18 
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Figure  3. — Symphorica7-pos  albiis  var.  albiis,  common 
snowberry:  seedling  development  at  5,  7,  13,  and  20 
days  after  germination. 
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STRING  A 

Oleaceae — Olive  family 

STRING  A  L.  Lilac 

by  Paul  0.  Rudolf  '  and  Paul  E.  Slabaugh 

Growth  habit,  occurrence,  and  use. — The  lilacs 
include  about  28  species  of  deciduous  shrubs  or 
small  trees  native  to  Asia  and  southeastern 
Europe.  They  are  grown  primarily  for  ornament 
because  of  their  large,  showy  panicles  of  flow- 

ers, which  are  often  fragrant  (15).  At  least 
three  species  also  are  used  in  shelterbelts.  Four 
species  of  interest  for  conservation  purposes  in 
the  United  States  are  considered  here  (table  1). 
Heights  at  maturity  and  years  of  first  cultiva- 

tion for  these  species  are  as  follows  (8, 15) : 

Height  Year  of 
Species                                at  first 

•maturity  cidti- 
(feet)  vation 

S.  amurensis           8  to  24  1855 
S.  persica             5  to  10  1614 
S.  villosa          10  to  13  1882 
S.  vulgaris       10  to  23  1563 

Geographic  races. — S.  persica  var.  laciniata 
(Mill.)  West  is  spontaneous  in  northwestern 
China  (1)  and  may  be  a  geographic  race.  Krtiss- 
mann  (12),  however,  considers  this  taxon  a 
hybrid,  5.  afghanica  x  laciniata.  A  hybrid 
between  S.  villosa  and  S.  josikaea  Jaeg.  is  known 
and  is  named  S.  hoiryi  Schneid.  (15).  S.  vul- 

garis has  over  800  garden  forms  (12),  but  no 
geographic  races  have  been  specifically  reported. 

Flowering  and  fruiting. — The  perfect,  often 
showy  flowers,  ranging  from  white  to  violet, 
purple,  and  deep  reddish  purple,  bloom  in  the 
spring  or  early  summer  (table  2).  The  fruit  is 
an  oblong,  smooth,  leathery,  brown,  two-celled 
capsule  (fig.  1)  that  ripens  in  late  summer  or 
fall.    Each    capsule    contains    four    thin,    flat, 

'  North  Central  Forest  Exp.  Stn. 
-  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

Figure  1. — Syringa  amurense,  Amur  lilac:  fruits  (cap- 
sules), 2  X. 

Table  1. — Syringa:  nomenclature,  occurrence,  and  uses 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses' 

S.  amurensis  Rupr          Amur  lilac 
S.  rotundifolia  Dene. 
S.  ligustrina  Leroy. 
S.  sibirica  Hort.  partly. 

S.  persica  L           Persian  lilac 
S.  villosa  Vahl.               late  lilac     

S.  bretschneideri  Lemoine. 
S.  emodi  var.  rosea.  Cornu. 

S.  vulgaris  h.          common  lilac 

Manchuria,  Korea,  southeastern 
Siberia  in  Amur  River  region. S,  E. 

Persia  to  northwestern  China       S,  E. 
Northern  China  to  Himalayas        E. 

Southeastern  Europe 

S,  E. 
^  S:  shelterbelt,  E:  environmental  forestry. 
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Table  2. — Syringa:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 

Fruit  ripening 
dates 

Data 

source 

S.  amurensis- 

S.  persica   
S.  villosa   
S.  vulgaris  -  . 

North  Dakota     — .  Early  June   
Manitoba           June  to  July    Sept.  to  Oct.-_ 
northeastern  United  States    May  to  June   
  do        do   
northeastern  United  States,  Europe    April  to  June    Aug.  to  Oct.-. 

3,20 

1,15 
15 
13,15,16 

lozenge-shaped  seeds  about  1/4  inch  (13  mm.) 
long  and  ̂ o  inch  (5  mm.)  broad  that  are  bright 
brown  in  color  (fig.  2).  Fair-to-good  seed  crops 
are  produced  annually. 

Collection  of  fruits,  and  extraction  and  stor- 
age of  seeds. — The  ripe  capsules  may  be  picked 

from  the  shrubs  by  hand  in  the  fall.  S.  amuren- 
sis capsules  collected  late  (October  9)  yielded 

seed  of  better  germination  than  capsules  col- 
lected early  (September  10)  {20).  The  fruits 

should  be  spread  out  to  dry  in  a  well-aerated 
room  {13,  19).  They  can  be  run  dry  through  a 
macerator  and  fanned  to  remove  impurities, 
but  the  fanning  must  be  done  carefully  or  good 
seed  will  be  lost  {19). 

Data  on  seed  yields  are  available  for  two 
species  only.  For  S.  vulgaris:  100  pounds  of  cap- 

sules yielded  from  2  to  7  pounds  of  cleaned  seed 
{17).  The  number  of  cleaned  seed  per  pound  in 
16  samples  ranged  from  34,000  to  130,000  and 
averaged  86,000  (7,  IJ,,  17,  18).  Seed  of  S.  vul- 

garis has  averaged  60  percent  in  purity  and  85 
percent  in  soundness  {17,  18).  One  sample  of 

•12  mm. 

'-  cotyledons 

Figure  2. — Syringa  vulgaris,  common  lilac:  A,  exterior 
view  of  seed;  B,  longitudinal  section  through  a  seed; 
C,  transverse  section;  all  at  4  x. 

S.  villosa  seed  had  41,200  seeds  per  pound  with 
a  purity  of  91  percent  {18). 

Lilac  seed  should  be  stored  dry;  air-dried 
fruits  may  be  stored  over  winter  in  paper  bags. 
By  spring  much  of  the  seed  will  have  fallen  out 
of  the  capsules  {13).  Seed  will  keep  with  little 
loss  of  viability  up  to  2  years  if  kept  in  bags  or 
sacks  in  a  dry,  well-aerated  place  {13,  16).  For 
longer  storage  air-dried  seed  should  be  kept  in 
sealed  containers  or  polyethylene  bags  at  34° to  38°  F.  {l^,20). 

Pregermination  treatments. — There  are  con- 
flicting reports  concerning  seed  dormancy  in  the 

lilacs.  Apparently  dormancy  is  variable  among 
and  within  species  and  not  very  strong  as  a  rule. 

Cold  stratification  (34°  to  41°  F.)  for  periods  of 
30  to  90  days  has  been  used  {11,  18,  20),  but 
may  not  be  necessary  on  all  seed  lots. 

Germination  tests. — Tests  on  lilac  seed  have 
been  run  for  21  to  42  days  in  germinators  or  in 
flats  containing  sand  or  fine  soil  mix  {7, 18,  20). 
Light  is  not  needed  {6).  A  specific  recommenda- 

tion for  S.  vulgaris  is  to  run  the  tests  for  21 

days  at  68°  F.  {9,  10).  Average  test  results  for 
three  species  are  shown  in  table  3. 

Nursery  practice. — Lilac  seed  should  be  sown 
at  a  rate  to  produce  25  to  40  seedlings  per  square 
foot.  Seed  without  pretreatment  may  be  used  in 
the  fall  {2,  5,  16),  or  cold-stratified  seed  may  be 
used  in  the  early  spring  (even  then  seed  without 
pretreatment  may  be  satisfactory  in  many 
cases)  {1,  13,  19).  A  mulch  may  be  helpful  on 
fall-sown  beds  (.5,  20).  The  seeds  should  be 
covered  with  \/^  to  %  inch  of  soil  {11,  13,  19, 
20).  The  beds  should  be  given  half-shade,  kept 
moist,  and  protected  from  late  spring  frosts 
{13).  In  some  seed  lots  of  S.  vulgaris  about  12 
percent  of  the  viable  seed  sown  have  produced 

Table  3. — Syringa:    germination  test  results 

Species 

Germinative  capacity Data 
Average    Range        Tests source 

S.  amurensis.. 
S.  villosa       
S.  vulgaris   

Percent  Percent    Number 

72        64  to  80            5 
77         70  to  84            2 
61        33  to  85          13 

20 
7 

7,1U,17,18 
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usable  1-0  seedlings  {19).  Field  planting  can  be 
done  with  1-1  stock.  Lilacs  may  also  be  propa- 

gated from  greenwood  cuttings,  hardwood  cut- 
tings, grafts,  suckers,  and  by  division  (1). 

Lilacs  grow  on  a  variety  of  soils,  but  do  best  on 
moderately  rich  and  moist  ones  (1). 

'ifl 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 
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TAMARIX 

Tamaricaceae — Tamarix  family 

TAMARIX  PENTANDRA  Pall.  Five-stamen  tamarisk 

by  H.  G.  Reynolds  ̂   and  Robert  R.  Alexander  ^ 

Synonyms. — Tama)'i.r  f/allica  L.  (in  part)  (5) . 
Growth  habit,  occurrence,  and  use. — The  na- 

tural range  of  five-stamen  tamarisk  (also  called 
salt-cedar),  a  finely  branched,  deciduous,  shrub 
to  small  tree,  is  from  southeastern  Europe  to 
central  Asia  (5).  Introduced  into  the  eastern 

United  States  in  the  1820's  (2),  tamarisk  es- 
caped cultivation.  It  now  grows  along  major 

river  drainages  at  lower  elevations  throughout 
most  of  the  western  United  States. 

'  Rocky  Mountain  Forest  &  Range  Exp.  Stn. 

r1.5min. 

L 0 

Tamarisk  is  widely  cultivated  as  an  orna- 
mental, chiefly  because  of  its  showy  flowers  and 

fine,  graceful  foliage.  In  many  places,  these 
plants  have  also  been  used  for  windbreaks  and 
erosion  control.  Beekeepers  highly  regard  the 
pollen  for  the  production  of  honey.   In  some 

Figure  1. — Tamarix  pcntandra,  five-stamen  tamarisk: 
longitudinal  section  through  a  seed,  60  X. 

Figure  2. — Tamarix  pentandra,  five-stamen  tamarisk: 
dry  seed  (A),  and  seedling  development  at  intervals 
after  moistening  the  seed;  B,  several  hours;  C,  8 
hours;  D,  24  hours;  E,  40  hours;  F,  48  hours;  all  at 
approximately  10  X.  (Drawings  by  Dennis  C.  Jackson from  4 )  • 
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areas,  tamarisk  thickets  are  valued  nesting 
habitat  for  white-winged  doves.  Because  tama- 

risk is  a  heavy  water  user,  its  rapid  spread — 
from  10,000  acres  in  1920  to  900,000  acres  in 
1961^ — ^along  drainages  and  flood  plains  has 
resulted  in  extensive  eradication  or  control 
efforts  {6). 

Flowering  and  fruiting. — The  pink  to  white 
flowers,  borne  in  terminal  panicles,  bloom  from 
March  through  September.  A  succession  of  small 
capsulai  fruits  ripen  and  split  open  during  the 
period  from  late  April  through  October  in  Ari- 

zona (If).  Seeds  are  minute  and  have  an  apical 
tuft  of  hairs  (figs.  1  and  2)  that  facilitates  dis- 

semination by  wind. 
Collection,  extraction,  and  storage. — Fruits 

can  be  collected  by  hand  in  the  spring,  summer, 
or  early  fall.  It  is  not  practical  to  extract  the 
seeds  from  the  small  fruits.  At  least  50  percent 
of  the  seeds  in  one  lot  retained  their  viability 

after  95  weeks  in  storage  at  40°  F.,  but  seeds 
stored  at  room  temperature  remained  viable  for 
only  a  short  time  (4). 

Germination  tests. — Fresh  seeds  usually  ger 
minate  within  24  hours  after  imbibing  water 
(fig.  2).  No  pretreatment  is  necessary.  Germi- 

nation tests  have  been  run  in  moist  soil  in 
covered  petri  dishes  at  room  temperature.  The 
germinative  energy  after  24  hours  averaged  78 
percent,  and  the  germinative  capacity  after  6 
days  was  88  percent  (4). 
Seedling  development  and  care. — Early 

growth  is  very  slow.  Top  height  averages  about 
1  inch  80  days  after  emergence,  and  seedings 

average  only  41/2  inches  tall  after  60  days.  At 
this  time  roots  are  about  6  inches  long.  Soil 
must  be  kept  continuously  moist  during  this 
establishment  period ;  one  day  of  drought  can 
kill  most  seedlings.  After  seedlings  become 
estaljlished,  however,  they  can  withstand  severe drought  (4). 

Tamarisk  is  readily  propagated  from  cut- 
tings. If  planted  in  moist,  warm  soil  (60°  F.), 

cuttings  will  root  during  any  season  {!). 
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Taxodiaceae — Deciduous  cypress  family 

TAXODIUM  DISTICHUM  (L.)  Rich 

bv  F.  T.  Bonner  ̂  

Baldcypress 

Growth  habit,  occurrence,  and  use. — Baldcy- 
press is  a  large  deciduous  tree  that  often  reaches 

heights  of  130  feet  at  maturity  (5).  Two  vari- 
eties of  this  important  timber  species  are  found 

in  the  United  States  (table  1).  Very  similar  in 
their  botanical  and  silvical  characteristics,  they 
are  distinguished  by  their  foliage  (2).  The  spe- 

cies was  introduced  in  Europe  in  1640  and  has 
been  planted  as  an  ornamental  in  many  parts 
of  the  world  (i).  It  also  has  value  as  wildlife 
habitat. 

Flowering  and  fruiting, — The  monoecious 
flowers  of  baldcypress  appear  in  March  to  April. 
The  male  flowers  are  borne  at  the  end  of  the 

previous  year's  growth  in  slender,  purplish, 
tassellike  clusters  3  to  5  inches  long.  Female 
conelets  are  found  singly  or  in  clusters  of  2  to  3 
in  leaf  axils  near  the  ends  of  the  branchlets 
(4,  5).  The  globose  cones  turn  from  green  to 
brownish  purple  as  they  mature  in  October  to 
December.  The  cones  are  V-2  to  11/4  inches  in 
diameter  (fig.  1 ) ,  and  consist  of  a  few  four-sided 
scales  that  break  away  irregularly  after  matu- 

rity a,  5).  Each  scale  bears  two  irregularly 
shaped  seeds  that  have  thick,  horny,  warty  coats 
and  projecting  flanges  (figs.  2  and  3).  Cones 
contain  18  to  30  seeds  each  (2).  Some  seeds  are 
borne  every  year,  and  good  crops  occur  at  3-  to 
5-year  intervals.  Few  seeds  mature  in  the  north- 

ern part  of  the  range  (^). 

Collection,  extraction,  and  storage. — Mature, 
dry  cones  can  be  picked  by  hand  from  standing 
or  felled  trees  and  spread  in  a  thin  layer  for 
air-drying.  The  dried  cones  should  be  broken 

apart  by  flailing  or  trampling.  Separation  of 
cone  fragments  from  seeds  is  very  difficult,  and 
they  are  usually  sown  together  {J^).  A  bushel  of 

'""^ 

T.  distichum  var.  distichum 
baldcypress 

T.  distichum  var.  nutans 

pondcypress 

'  Southern  Forest  Exp.  Stn. Figure  1. — Taxodiuin:  cones,  1  X. 

Table  1. — Taxodium:    nomenclature  and  occurrence 

Scientific  names  and 
synonyms 

distichum  var.  distichum 
(L.)  Rich. 

distichum  var.  nutans 
(Ait.)  Sweet. 

Common  names Occurrence Data  compilers 

baldcypress,  common  bald- 
cypress, gulf  cypress, 

red  cypress,  tidewater 
red  cypress,  white 
cypress,  yellow  cypress, 

cypress. 
pondcypress,  pond  bald- 

cypress, cypress. 

Coastal  Plain  from  Delaware  and 
Florida  west  to  Texas  and  north 
to  Illinois  in  the  Mississippi 
River  Valley.  Planted  from 
Michigan  to  Massachusetts. 

Coastal  Plain  from  Virginia  to 
Florida  and  Louisiana. 

H.  E.  Kennedy,  Jr. 

D.  Benson. 
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T.  distichum  var.  distichum 
baldcypress 

T.  distichum  var.  nutans 
pondcypress 

Figure  2. — Taxodium:  seeds,  4  x. 

fresh  cones  weighs  40  to  50  pounds.  About  50 
pounds  of  seeds  can  be  obtained  from  100 
pounds  of  fresh  cones,  and  there  are  2,600  to 
3,500  cones  per  bushel  {Jf).  For  T.  distichum 
var.  distichum  the  average  number  of  cleaned 

23  mm 

Figure  3. — Taxodium  distichum  var.  disficlium,  bald- 
cypress:  A,  exterior  view  of  seed;  B,  longitudinal 
section;  and  C,  transverse  section,  2  X. 

seed  per  pound  determined  from  26  samples  was 
5,200  with  a  range  of  2,540  to  8,360  (3,  4).  One 
sample  of  var.  nutans  from  Florida  ran  4,040 
seeds  per  pound  (3).  Baldcypress  seeds  keep 

well  in  dry  storage  at  41°  F.  for  at  least  one 
winter  H).  Longer  storage  under  the  same  con- 

ditions will  probably  succeed. 
Germination. — Taxodium  seeds  exhibit  an  ap- 

parent internal  dormancy  that  can  be  overcome 
by  90  days  of  cold  stratification,  preceeded  by  a 
5-minute  soak  in  ethyl  alcohol  (1).  Soaking  the 

seeds  in  water  at  38°  F.  for  90  days  has  also 
been  successful  for  baldcypress  (3).  Pondcy- 

press seeds  respond  well  to  60  to  90  days  of 

stratification  at  38°  F.  in  peat  moss,  preceeded 
by  a  24-  to  48-hour  soak  in  0.01  percent  citric 
acid    (3).    In   addition   to   the   test   conditions 

Table  2. — Taxodium:  germination  test  conditions  and  results  on  stratified  seed 

Germination  test  conditions  ' Germinative 

energy  = 

Germinative 

capacity  ' 

Species 
Daily 

light 

period 

Medium 
Tempei 
Day 

ature 

Night Dura- 
tion 

Data 

Amount Period Average  Samples 
source 

Hours 

°F. 

"F. 

Days 
Percent 

Days 
Percent  Number 

T.  distichum 
var.  distichum 8 Kimpak 86 68 30 67 

17 

74                7 3 
var.  nutans 8 Kimpak 86 

68 

30 76 8 93               4 3 

'  ISTA  rules  (1)  call  for  a  test  of  28  days  at  a  constant  68°  F. 
■  Percentages  are  based  on  full  seeds  only. 
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recommended  in  table  2,  tetrazolium  staining 
can  be  used  to  determine  viability  {1). 
Nursery  practice. — Spring  sowing  of  pre- 

treated  seeds  and  fall  sowing  of  untreated  seeds 
(December)  are  both  practiced.  The  latter 
method  has  proved  successful  in  northern  nurs- 

eries. Seeds  and  cone  scales  can  be  broadcast  or 
drilled  together,  and  should  be  covered  14  to  V2 
inch  deep  with  sand,  soil,  or  peat  moss.  Beds 
should  then  be  mulched  with  leaves  or  other  ma- 

terial, especially  when  fall  sowing  is  used.  Shade 
may  be  needed  in  the  South  from  June  to  Sep- 

tember, and  beds  must  always  be  well  watered. 
The  resinous  seeds  are  not  eaten  to  any  extent 
by  rodents  or  birds  {I^).  Germination  is  epigeal 
(fig.  4). 

Literature  and  Other  Data 
Sources  Cited 

(1)  International  Seed  Testing  Association. 
1966.  International  rules  for  seed  testing.  Proc. 

Int.  Seed  Test.  Assoc.  31(1)  :  1-152. 
(2)  Lanpdon,  O.  Gordon. 

1965.  Baldcypress  {Taxodium  distichum  (L.) 
Rich.)  In  Silvics  of  forest  trees  of  the  United 
States.  U.S.  Dep.  Agric,  Agric.  Handb.  271, 

p.  672-677. 
(3)  USDA  Forest  Service. 

Data  filed  1970.  Eastern  Tree  Seed  Lab.,  Ma- 
con, Ga. 

(4)   
1948.  Woody-plant  seed  manual.  U.S.  Dep. 

Agric.  Misc.  Publ.  654,  416  p. 
(5)  Vines,  Robert  A. 

1960.  Trees,  shrubs,  and  woody  vines  of  the 
Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- 
tin. 

Figure  4. — Taxodium  distichum  var.  distichum,  bald- 
cypress:  seedling  development  at  3  and  8  days  after 

germination. 
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Taxaceae — Yew  family 

TAX  US  L.  Yew 

by  Paul  0.  Rudolf  ' 

Growth  habit,  occurrence,  and  use. — About 
eight  species  of  yew,  which  are  sometimes 
considered  as  geographical  varieties  of  a  single 
species,  occur  in  the  North  Temperate  Zone 
{lA).  They  are  nonresinous  evergreen  trees  or 
shrubs  useful  chiefly  for  ornamental  purposes, 
especially  in  hedges  (2).  The  wood  of  the  tree 
species  was  once  prized  for  making  bows  and 
is  still  used  in  cabinetmaking  and  turnery.  The 
fruit  is  eaten  by  birds;  the  leaves,  shoots,  and 
seeds  ordinarily  are  poisonous  to  horses  and 
cattle  (5). 

Four  species  are  used  or  suggested  for  con- 
servation planting  in  the  United  States  (table 

1).  Heights  attained  at  m.aturity  and  year  of 

first  cultivation  for  these  four  species  are  as 
follows  {If,  U) : 

Height  at 

Year  of 

Svecies 

maturitii 

first 

(feet) 

cultivation 
T. hrevifolia 20  to  40 

1854 T. 

haccrtfa 30  to  90 

Long  culti- 
vated r. 

canadensis 
3  to  4 

1800 

T. 

nispidata 20  to  i;n 

1855 

'  North  Central  Forest  Exp.  Stn. 

Taxus   baccata  is  the  most  widely  cultivated 
yew  (2). 

Geographic  races. — Geographic  races  within 
the  species  of  Ta.vKs  have  not  been  reported. 
However,  considering  the  extensive  ranges  of 
the  four  species  discussed  here,  it  seems  prob- 

able that  such  races  may  have  developed.  The 
variability  within   T.   baccata   is   indicated   in 

Table  1. — Taxus:  nomenclature,  occurence,  and  uses;  data  compilers 

Scientific  names  and 
synonyms 

T.  brevifoUa  Nutt. 
T.  baccata  var.  hrevifolia 

(Nutt.)  Koehne. 

T,  baccata  L. 

T,  canadensis  Mar.sh.        _ 
T.  minor  Brit. 
T.  baccata  var.  canadensis 

Gray. 
T.  baccata  var.  minor  Michx. 
T.  baccata  var.  prociimbens 

Loud. 

T.  cuspidntn  Sieb.  and  Zucc. 
T.  baccata  var.  cuspidata 

Carr. 
T.  sieboldii  Hort. 

Common  names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

Pacific  vew 

English  yew 

Canada  yew, 
American  yew, 

gi'ound  hemlock. 

Japanese  vew 

Southeastern  Alaska  down  coast     H,  W,  E        Donald  Copes 
to  Monterey  Bay,  Calif.;  also  and  Sugano. 
in  Rocky  Mountain  region 
from  British  Columbia  south 
Montana,  Idaho,  Washington, 
and  Oregon. 

Throughout  Europe  and  in  T,  W,  E         Paul  0.  Rudolf. 
Algeria,  North  Iran,  and  the 
Himalayas. 

Newfoundland  to  Manitoba,  H,  E  R.  M.  Godman. 
south  to  Nova  Scotia,  New 

England,  upland  to  West  Vir- 
ginia and  northeastern  Ken- 

tucky; west  central  Indiana, 
northern  Illinois,  and  north- 

eastern Iowa. 

.lapan,  Korea,  and  Manchuria,         T,  E  Paul  0.  Rudolf, 
up  to  6,000  ft.  in  mountains. 

'  T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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T.  canadensis 
Canada  yew 

JPCB?f» 

^  Y  7.  baccata 

^* '  English  yew 

#'
 

T.  brevi folia       T.  canadensis 
Pacific  yew        Canada  yew 

ijobijli  .0  {oi; 

Figure  2. — Taxus:  seeds,  5  X. 

Figure  1. — Taxus  canadensis,  Canada  yew:  fruit  and 
needles,  1  X. 

part  by  the  recognition  of  more  than  40  va- 
rieties; some  have  common  names  tied  to 

localities,  such  as  Irish  yew  and  Dovaston  yew 
(3,  IJf).  Several  varieties  of  T.  cuspidata  are 
also  recognized  and  the  following  hybrids  are 
known  and  designated:  T.  media  Rehd.  (T. 
cuspidata  x  T.  baccata)  and  T.  hunneivelliana 
Rehd.  (T.  cuspidata  X  T.  canadensis)   (IJf). 

Flowering  and  fruiting. — Both  the  male  and 
female  flowers  are  rather  inconspicuous  and 
are  borne  on  the  same  plant  (monoecious)  or  on 
separate  plants  (dioecious)  (H).  The  fruit, 
which  ripens  in  late  summer  or  autumn,  con- 

sists of  a  scarlet  fleshy,  cuplike  aril  (fig.  1)  bear- 
ing a  single,  hard  seed  (figs.  2  and  3).  The  seed 

has  a  large,  very  oily,  white  endosperm  and  a 
minute  embryo.  Times  of  flowering,  fruit  ripen- 

ing, and  seed  dispersal  for  four  species  are 
given  in  table  2. 

Little  information  is  available  on  the  fre- 
quency of  good  seed  crops  among  the  yews,  but 

most  of  them  produce  some  seed  almost  every 
year  (4,  11,  10).  For  T.  cuspidata  good  crops 
are  reported  every  6  to  7  years  (1).  T.  baccata 
begins  to  bear  seed  at  about  30  years  of  age 
(5).  Comparable  information  for  the  other 
species  is  lacking.  ■:     mii  lij-: .:  .aa-xi^iL 

9noS   -■^■^'^   ■*"-^^ 
,39r^oc 

9ilT 

bn  '■ 

If 
^   endosperm 

hypocotyl 
radicle 

HoixiE,  b9j...  ̂ 1^-.   ̂ .ur'tfisiff  nc\ip-rt 

Figure  3. — Taxus  brevifolia,  Pacific  yew:  lon^tudinal 
section  showing-  small  embryo,  8  X. 

Collection  of  fruits;  extraction  and  storage  of 
seeds. — To  prevent  losses  to  birds,  yew  fruits 
should  be  picked  from  the  branches  by  hand  as 
soon  as  they  are  ripe.  For  the  dioecious  species, 
good  seed  is  produced  only  where  there  is  a 
good  intermixture  of  male  and  female  trees 
{11).  Extract  the  seed  by  macerating  the  fleshy 

arils  ("berries")  in  water  and  floating  off  the 
pulp  and  empty  seed.  Alternatively,  soak  the 
fruits  for  4  to  5  days  in  warm  water,  rub  them 
over  screens,  wash  them  thoroughly,  and  float 
off  light  seed  {10).  In  some  species  the  mem- 

.*»••_>/  iitn\P'.> 

U.rj  •iLll   i'-i'<J'. Table  2. — Taxus :  phenology of  flow enng,  and  fruiting 

Species Location 
:IOffl!li 

Flowering 

'J'-  'dates 

Fruit  ripening- dates 
Seed  dispersal 

dates 

Data 

source 

T.  brevifolia   _  _  Washington,  Oregon...,^-.   .,...,-,  June   ...:     

T.  baccata     Western  Europe   ^,..  ,1  -.'_....;  March  to  May___ 
T.  canadensis    Upper  Midwest,  U.S.A.       .  April  to  May 
T.  cuspidata    Northeastern  United  States  March  to  April 

Japan      .        April  to  Juno 

Aug.  to  Oct. .    ...    Oct     ,. 

Aug.  to  Oct.^    Aug.  to  Oct..,.._. 
July  to  Sept.       .. 
Oct.  to  Nov       iv-Vi^ 
Sept.  to  Oct..___..  Oct._„ 

20,21 

9,11 

19,21 

1,H 

2U 

'  October  in  northeastern  United  States;  to  November  in  Russia  {15,  21^).  ^&^'-' 
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Table  3. — Taxus:  cleaned  seeds  per  pound 

TAX  US 

Species Place  of  collection Range Average 
Samples 

Data  sources 
'  •  Number 

T.  brevifolia.  ._„  Carson  and  Skamania    '    v,;','^'  14,700-16,400 
Cos.,  Wash.                   '  '^''• Unknown         ■  ...._:.- , 

T.  baccata...     Western  Europe         6,300-8,200 
Northeast  United  States  _  6,000-  6,800 

T.  canadensis     .   Upper  Midwest    ...i.i   !-._  15,000-28,300 
Amherst,  Ohio   .v.lJ.av.j.o  _  8,500-  9,000 

T.cuspklata     Japan,    __        .;    ::  ..  10,700-19,500 
Northeast  United  States  ,__  6,700-  8,700 

Number Number 

15,600 2 

18 15,000 

1  + 

12 

7,700 

14  + 

11,  19,22 

6,400 

3  + 

7 

21,000 

4  + 

16,13,  19 
8,800 

2 10 

12,700 

7  + 

1,  7,13,  25 

7,400 

3  + 

7 

branous,  outer  seedcoat  is  partially  destroyed 
during  extraction ;  in  others,  it  remains  tightly 
fixed  to  the  bony  inner  coat.  Dry  the  seeds 
only  superficially  and  then  sow  or  stratify  them 
as  soon  as  possible  {10).  The  number  of  cleaned 
seed  per  pound  for  four  species  is  listed  in 
table  3.  Purity  of  seed  lots  has  ranged  from 
96  to  TOO  percent  and  soundness  from  78  to 
99  percent  {19). 

Yew  seeds  can  be  stored  for  several  months 
in  cold  stratification.  Reasonably  good  viability 
of  T.  baccata  seeds  can  be  maintained  for  4 
years  by  storing  them  in  moist  sand  or  acid 
peat  at  low  temperatures  (11,  17).  The  viability 
of  yew  seed  can  be  maintained  for  5  or  6  years 
if  it  is  dried  just  after  extraction  at  room  tem- 

peratures for  1  or  2  weeks,  and  then  stored  in 

sealed  containers  at  34  '  to  36^  F.  (.5,  ̂ ). 
Pregermination  treatments. — Yew  seeds  are 

slow  to  germinate ;  natural  germination  usually 
does  not  take  place  until  the  second  year.  Most 
of  the  natural  germination  of  T.  baccata.  is  from 
seeds  that  have  passed  through  the  digestive 
tracts  of  birds  such  as  the  nutcrackers  {17). 
Yew  seeds  have  a  strong  but  variable  dormancy 
that  can  be  broken  by  warm  plus  cold  stratifica- 

tion (7,  10).  One  recommendation  is  to  hold  the 

seeds  for  90  to  210  days  at  60"  F.,  followed  by 
60  to  120  days  at  36'  to  41  F.  {6,  7).  The  ISTA 
rules  (S),  however,  specify  prechilling  the  seed 

for  270  days  at  37°  to  41°  F. 
Germination  tests. — Yew  seeds  can  be  germi- 

nated in  the  laboratory  after  the  prolonged 
warm  and  cold  stratification  periods  have  been 
completed.  Seeds  then  may  be  sown  in  sand  flats 

for  28  days  at  68°  F.  (night)  and  86°  F.  (day) 
{8).  The  tetrazolium  test  may  be  used  for  a 
quick  estimate  of  viability  {8).  Apparently  light 
is  not  needed  for  germination  which  is  epigeal 
(fig.  4).  Test  results  for  three  species  are  given 
in  table  4. 

Nursery  practices.— Freshly  collected  yew 
seeds  can  be  sown  in  July,  or  warm-plus-cold 
stratified  seeds  can  be  used  in  the  spring  (7,  10, 
11).  The  seeds  should  be  covered  with  Vj  to  % 
inch  of  soil.  Mulching  the  seedbeds  with  pine 
needles,  mixed  wood  shavings,  or  ground  corn- 

cobs is  beneficial  {10,  11).  The  beds  should  be 
shaded  during  the  summer,  and  the  shade  re- 

stored again  in  December;  the  beds  should  be 
mulched  the  second  winter  with  straw  {10,  11). 
Even  with  these  treatments  some  seeds  will  not 
germinate  until  the  second  spring  (7,  10,  11, 23). 

'  "'/'■.'    Table  4. — Taxus:  stratification  periods   (lermination  test  conditions,  and  results 

Stratification 
Germination  test 

conditions ' 

Germinative  capacity 
Data 

Species Warm 

period  " 

Cold 

period " 

Temperature 

Dura- 
tion 

Average 
Range 

Samples 
source 

Day 

Night 

Dayi, 
T.  baccata   
T.  baccata       120 
T.  brevifolia 
T.  cuspidata.    .      120 

Days 

365 

365 

T. 

60 

55-60 
86 

55-60 

°F. 

50 
55-60 

68 55-60 

Days 

60 
60 
60 

Percent 
67 
47 
55 
68 

Percent 

47-70 

50-99 

Ntimber 

12  + 

1 

3  + 

1 11 

7 

12, 18,  21 
7 

'■■  In  sand  flats  or  germinators. 
'  At  room  temperature. 
'  At  34°  to  40°  F. 
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Figure  4. — Taxus  baccata,  English  yew:  seedling  devel- 
opment at  1,  8,  12,  22,  and  39  days  after  germination. 
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TECTONA 

Verbenaceae — Verbena  family 

TECTONA  GRANDIS  L.  F. 

bv  T.  H.  Schubert  ' 

Teak 

Growth  habit,  occurrence,  and  use. — Native 
to  southeast  Asia  in  India,  Burma,  Thailand, 
and  Indochina,  teak  is  the  only  important  spe- 

cies of  the  three  in  the  genus  (14).  It  is  a  large 
deciduous  tree  which  grows  best  in  a  warm, 
moist  tropical  climate  with  a  marked  dry  sea- 

son of  several  months.  It  has  probably  been 
cultivated  for  centuries  in  Asia,  and  has  been 
planted  for  timber  production  in  India  and 
Burma  since  at  least  1840  (15).  In  the  western 
hemisphere,  teak  has  been  planted  since  about 
1900,  primarily  in  the  Caribbean  region  (11, 
12),  but  because  it  is  a  tropical  species  it  has 
been  planted  only  experimentally  in  the  con- 

tinental United  States.  Teak  wood  is  famous 
the  world  over  for  its  strength,  durability, 
dimensional  stability,  working  qualities,  and  the 
fact  that  it  does  not  cause  corrosion  when  in 
contact  with  metal  (H,  15).  It  is  currently  used 
for  shipbuilding,  fine  furniture,  decorative 
objects,  and  as  a  veneer  for  decorative  ply- 

wood {8). 
Geographical  races  of  teak  have  been  dis- 

tinguished by  differences  in  stem  form  and  rate 
of  growth  (Jf).  These  are  not  i-ecognized 
botanically  even  as  varieties,  but  it  is  most  im- 

portant when  establishing  plantations  to  use 
seed  from  a  race  that  will  grow  well  under  local 
conditions  {1,  -h,  !').  In  Trinidad,  growth  of 
trees  from  seed  of  Burmese  origin  has  been 
more  satisfactory  than  that  from  seed  of 
Indian  origin  (1). 

'  Timber  Management  Research,  USDA  Forest  Serv- 

FiGURE  1. — Tcctona  grandis,  teak:  top  and  side  views  of 
1  fruits  with  their  bladderlike  involucres  removed,  2  x . 

Flowering  and  fruiting. — The  small  white 
perfect  flowers  of  teak  are  borne  on  short 
pedicels,  in  large  erect  terminal  panicles,  about 
two  months  after  the  dry  season  has  ended  and 
the  large  obovate  leaves  have  emerged.  The 
dates  vary  somewhat  depending  on  the  climatic 
regime,  but  flowering  generally  takes  place  for 
several  months  between  June  and  September, 

and  the  fruits  ripen  2'^^  to  3  months  later  (3, 10,  15,  16).  They  gradually  fall  to  the  ground 
during  the  following  dry  season.  The  fruit  con- 

sists of  a  subglobose,  four-lobed,  hard  bony 
stone  about  i/j  inch  in  diameter,  surrounded 
by  a  thick  felty  light  brown  covering  (fig.  1), 
the  whole  enclosed  in  an  inflated  bladderlike 
papery  involucre.  The  stone  (often  called  a 
nut)  contains  1  to  3,  rarely  4,  seeds  (fig.  2),  and 
has  a  central  cavity  giving  the  appearance  of 
a  fifth  cell.  The  average  number  of  actual  seeds 
per  stone  in  one  study  was  found  to  be  1.7  (7). 

Collection,  extraction,  and  storage.^ — Teak  has 
borne  viable  seed  when  only  3  years  old  (H), 
and  good  seed  crops  are  produced  by  plantations ■6mm 

^0 

Figure  2.- — Tcctona  grandis,  teak:   longitudinal  section 
through  a  seed,  12  x . 
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less  than  20  years  old  {15).  The  bladderlike 
involucre  turns  from  green  to  brown  when  the 
seeds  are  ripe.  The  fruits  can  be  swept  up  from 
the  ground  beneath  the  trees  as  they  fall,  or  else 
can  be  shaken  from  the  branches.  Drying  can 
be  completed  by  spreading  the  fruits  on  racks 
in  the  sun.  For  convenience  in  handling  and 
storage,  the  involucre  can  be  removed  in  a 
mechanical  dehusker,  or  by  shaking  and  rub- 

bing a  bag  half-filled  with  dried  fruits  and  then 
winnowing  to  separate  the  fruits  from  the  chaff. 
Teak  fruits  in  Honduras  average  320  per  pound 
with  the  involucres  intact  and  400  per  pound 
with  the  involucres  removed  (5).  In  other  parts 
of  the  world  the  number  of  clean  fruits  per 
pound  varies  from  a  low  of  400  to  a  high  of 
1,400  (5,  13).  The  fruits  have  been  stored  sug^j 
cessfully  for  at  least  a  year  in  sacks  in  a  dry 
warehouse  (5).  Longer  periods  of  storage  have 
not  been  necessary  because  teak  produces  good 
seed  crops  almost  every  year  {10,  15).  ..\\ 

Germination  tests. — In  one  test,  clean  fruits 
were  pretreated  by  5  cycles  of  alternate  soaking 
in  water  for  24  hours  and  drying  in  the  sun 
for  48  hours  and  then  sown  in  soil-filled  bamboo 
tubes  placed  out-of-doors.  Germination  began 
18  days  after  sowing  and  continued  to  increase; 
for  15  days,  after  which  it  gradually  decreased. 
Germination  68  days  after  sowing  was  61  pef-' 
cent  of  the  total  number  of  fruits  sown  (7).'' 
Germination  in  nursery  beds  in  various  parts 
of  the  world  has  varied  from  20  percent  to  80 
percent  in  periods  varying  from  10  days  to  3 
months  (5).  Some  seed  lots  that  were  stored 
for  several  months  germinated  better  than 
fresh  seed  (.5,  10,  15),  probably  because  they 
needed  a  period  of  after-ripening  (5).  Various 
pretreatments  to  hasten  or  improve  germina- 

tion have  been  used.  Soaking  the  fruits  in  water 
for  several  days,  or  alternate  wetting  and  dry- 

ing, have  proven  effective  {1^,  15,  16).  Seed 
from  dry  regions  is  frequently  more  difficult 
to  germinate  {15).  A  novel  method  reported 
from  Thailand  is  to  expose  the  fruits  to  the 
attacks  of  ants  for  1  to  2  weeks,  which  removes 
the  felty  covering  and  speeds  up  germination 
without  loss  of  viability  {2).  Germination  is 
epigeal  {15). 

Nursery  practice.— Teak  fruits  are  usually 
sown  broadcast  in  nursery  beds  and  covered 
with  i/o  to  1  inch  of  sand,  soil,  or  sawdust  {lA, 
16).  A  tree  percentage  of  about  25  can  be 
expected  from  good  seed  {16).  The  beds  should 
be  watered  just  enough  to  keep  them  moist. 
Once  the  seedlings  have  become  established, 
watering  should  gradually  be  reduced.  Field 

planting  is  generally  done  with  "stumps," 
plants  1/2  to  1  inch  in  diameter  at  the  root  collar 
which  have  had  the  top  cut  back  to  about  1 

inch  and  the  tap  root  cut  back  to  7  or  8  inches 
in  length  {ll^,  16).  Plants  of  suitable  size  can 
be  grown  in  6  to  9  months,  and  sowing  of  the 
nursery  beds  should  be  timed  so  that  the  proper 
size  is  reached  in  time  for  planting  at  the  start 
of  the  rainy  season.  Teak  can  also  be  reproduced 
by  coppicing,  because  cut  stumps  produce  very 
vigorous  sprouts. 
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Cupressaceae — Cypress  family 

THUJA  L.  Arborvitae 

by  C.  S.  Schopmeyer  ' 

Growth  habit,  occurrence  and  use. — -The  ge- 
nus Thuja  includes  two  species  native  to  North 

America  and  four  Asian  species.  All  are  aro- 
matic, evergreen  trees,  but  some  also  have 

shrubby  forms.  Three  species  are  commercially 
important  in  the  United  States  (table  1).  T. 
occidentalis  grows  both  in  swamp  and  in  uplands 
but  does  not  develop  well  on  extremely  wet  or 
extremely  dry  sites  (7).  T.  plicata  attains  its 
largest  size  in  stream  bottoms,  moist  flats,  and 
gentle,  north-facing  slopes  at  low  elevations 
(4).  Both  species  are  valuable  timber  trees 
because  their  heartwood  is  light  in  weight  and 
resists  decay.  The  wood  is  used  extensively  for 

'  Timber  Management  Research,  USDA  Forest  Serv- ice. 

shingles,  shakes,  siding,  and  poles.  Young  trees 
of  T.  occide)italis  and  the  crowns  of  felled  trees 
provide  excellent  browse  for  deer  (7). 

Many  horticultural  varieties  of  Thuja  having 
distinctive  growth  forms  and  foliage  colors  are 
propagated  vegetatively  for  ornamental  use 
(15).  Racial  variation  within  the  natural  range 
of  T.  plicata  has  been  demonstrated  by  wide 
variation  in  frost  hardiness.  Trees  grown  from 
inland  sources  are  hardier  than  those  from 
coastal  sources  (0- 

Flowering  and  fruiting. — Male  and  female 
flowers  are  borne  on  the  same  tree  but  usually 

on  separate  tv\'igs  or  branchlets  (16).  Flower 
buds  are  formed  during  the  fall  season  and  de- 

velop into  smail,  erect  cones  during  the  following 

Table  1. — Thuja:  nomencldture,  occurrence,  and  rises;  data  compilers 

Scientific  names 
and  synonyms Common  names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

T.  occidentalis  L. 
T.  obtusa  Moench. 

. ,  T.  od,grata  Marsh, 

T.  orientalis  L.^.,   
T.  acuta  Moench. 
Biota  orientalis  Endl. 

T.  plicata  Donn   
T:  gig  an  tea  Nutt. 

northern  ■white-cedar, 
American  arborvitae, 
arborvitae, 
eastern  arborvitae, 
eastern  white-cedar, 
white-cedar, 

swamp-cedar. 
oriental  arborvitae, 

Chinese  arborvitae. 

western  redcedar, 
giant  arborvitae, 
g'iant-cedar. 
Pacific  redcedar, .i, 
shinglewood, 

redcedar,  'V' 
canoe  cedar.       '-^ 

Nova  Scotia  to  Maine  and 
westward  to  Minnesota  and 
Manitoba;  southward  in  Illinois, 
Indiana,  Ohio,  and  New  York;  ., 
and  locally  in  Appalachian 
Mountains. 

Native  in  northern  and  western 
China  and  Korea,  widely 
cultivated  in  eastern  United 
States. 

Pacific  coast  region  from  south- 
eastern Alaska  to  northern 

California,  Cascade  Mountains 
in  Washington  and  Oregon, 
Rocky  Mountains  in  British 
Columbia,  northern  Idaho,  and 
western  Montana. 

T,  H,  E...:  R.  M.  Godman. 

E-. 

T,  H,  E 

•w-:;i. 

C.  S.  Schopmeyer. 

D.  P.  Olson, 
D.  L.  Copes. 

*  T:  timber  production,  H:  habitat  or  food  for  wildlife,  E:  environmental  forestry. 
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Table  2. — Thuja:   'phenology  of  flowering  and  fruiting 

Species 
Location Flowering  dates 

Cone  ripening 
dates 

Cone  opening 
dates 

Data 

source 

T.  occidentalis.      Northern  Michigan    Late  April-early  May       August-September.,     Mid-September-        7 
late  October. 

T.plicata    West  side  of  Cascade         April    Early  September  Late  September         23 
Mountains  in  Oregon 
and  Washington. 

Northern  Idaho    Late  May-early  June  _.     Early  August    Late  August  3,21 

Figure  2. — Thuja  occidentalis,  northern  white-cedar: 
exterior  view  of  seed,  longitudinal  section  with  labels, 
and  transverse  section  showing  two  cotyledons ;  all  at 
6  X. 

Figure  1. — Thuja  pHcata,  western  redcedar:  cone,  6  X. 

summer  (table  2  and  fig.  1).  Cone  size  and  num- 
ber of  scales  varies  with  the  species  (table  3). 

During  the  ripening  period,  cones  of  T.  occi- 
dentalis and  T.  plicata  change  in  color  from 

green  to  yellow  and  finally  to  a  pale  cinnamon 
brown  (color  plate).  Their  light  chestnut-brown 
seeds  are  about  14  inch  (6  mm)  long  and  have 
lateral  wings  about  as  wide  as  the  body  (fig.  2). 
Cones  of  T.  orieyitaUs  have  thick  scales  with 

conspicuous  hooks  on  their  tips  (5).  Seeds  of 
this  species  are  dark  red-purple  and  wingless 
(.5,  16).  Embryos  of  all  three  species  have  two 
cotyledons. 

Collection  of  fruits. — Cones  may  be  picked  by 
hand  from  standing  or  recently  felled  trees,  or 
the  cones  may  be  flailed  or  stripped  onto  a  sheet 
of  canvas,  burlap,  or  plastic.  A  good  time  for 
collection  is  when  seeds  have  become  firm  and 
most  of  the  cones  have  turned  from  yellow  to 
brown  (color  plate).  For  T.  occidentalis  the 
period  between  cone  ripening  and  start  of  cone 
opening  is  only  7  to  10  days  (7,  20).  Cones  of 

Table  3. — Thuja:   height,  seed-bearing  age,  seed  crop  frequency,  and  cone  description 

Species 

Height at 

maturity 

Year  of 
first 

culti- vation 

Feet 

T.  occidentalis             40-80  1536 
T.  orientalis.     .         '  30-40  1737 
T.  plicata       150-200  1853 

Minimum 

seed- 
bearinR 

age 

Years 

20-30 

15-25 

'  Some  individuals  are  shrubs  (5). 

Interval 
between 

large  seed crops 

Years 
3-5 

3-4 

Length 

Inches 

0.3-0.5 
0.6-1.0 
0.3-0.5 

Cone  description 

Total 
scales 

Fertile 
scales Seeds 

per 

scale 

Number 8-10 

6-8 
10-12 

Number      Number 

2 
2-3 

2-3 

Date 

source 

7,16 
5,15 

i,16 
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T.  plicata  also  start  to  open  soon  after  they  ripen 
(table  2).  Peak  rate  of  seedfall  from  both  spe- 

cies occurs  about  4  to  6  weeks  after  the  first 
cones  have  opened  {4,  7).  Mature  trees  of  both 
species  produce  cones  prolifically  every  3  to  5 
years,  but  all  cones  do  not  open  at  the  same 
time.  Seed  release  therefore  progresses  slovi^ly. 
Substantial  yields  of  seed  probably  can  be  ob- 

tained from  cones  collected  as  late  as  one  month 
after  the  first  cones  have  opened. 

Extraction  and  storage  of  seed. — Kiln  drying 
is  needed  to  extract  seed  from  large  quantities 
of  cones.  Those  of  T.  occidentalis  have  been 
opened  by  exposing  them  for  4  hours  in  an 

internal-fan  type  kiln  to  a  temperature  of  130° 
F.  and  a  relative  humidity  of  38  percent  (IS). 

Lower  kiln  temperatures  not  over  110°  F.  are 
preferred  however  to  prevent  damage  to  the 
seeds  (IS).  Cones  often  are  spread  out  to  dry  in 
the  sun.  Cones  of  T.  plicata  were  opened  in  24 

to  36  hours  at  a  temperature  of  90"  F.  (6).  Small 
quantities  of  cones  can  be  opened  by  drying  at 
room  temperature  for  a  longer  time.  After  cones 
have  been  opened,  seeds  may  be  shaken  out  in  a 
mechanical  cone  shaker  and  separated  from  the 
cone  scales  by  fanning.  Seeds  should  not  be 
dewinged  (20). 

The  percentage  of  empty  seeds  in  cones  of 
Thnja  is  frequently  very  large ;  but  after  extrac- 

tion, a  large  proportion  of  the  empty  seeds  can 
be  separated  from  the  full  seeds  in  an  air 
stream.  A  large  number  of  seeds  per  pound  may 
be  an  indication  of  a  low  percentage  of  full  seeds 
in  the  sample  (table  4).  Standards  for  com- 

mercial seed  of  T.  plicata  specify  that  purity 
must  be  not  less  than  90  percent  and  viability 
not  less  than  60  percent  (25). 

Seeds  of  T.  occidoitalis  having  a  moisture 
content  of  6  to  8  percent  (S)  and  of  T.  plicata 
at  9.7  percent  moisture  (1)  were  stored  in  sealed 
containers  at  32  to  38  F.  for  5  years  or  more 
with  very  little  loss  of  viability.  For  seeds  of 
T.  plicata,  viability  was  maintained  longer  at 

0°  than  at  32^  F.  ( / ) ,  and  0°  F.  is  generally  used 
for  storage  at  many  western  tree  nurseries. 

Germination  tests. — Conditions  specified  for 
germination  of  the  two  native  species  are  to 

Figure  3. — Thuja  occidentalis,  northern  white-cedar: 
seedling  development  at  1,  5,  and  25  days  after  ger- mination. 

place  the  seeds  on  top  of  moist  blotters  for  21 
days  at  diurnally  alternating  temperatures  of 
86  ■  F.  for  8  hours  and  68°  for  16  hours  with 
light  during  the  8-hour  warm  period  (2,  10, 

table  5).  A  constant  temperature  of  73°  F.  also 
has  been  used  (f>),  and  a  constant  temperature 

of  68°  is  recommended  for  T.  orientalis  (2,  10). 
Germination  is  epigeal  (fig.  3). 

Dormant  seed  lots  have  been  encountered  oc- 
casionally on  which  stratification  in  a  moist 

medium  at  34"  F.  to  41°  for  30  to  60  days  stimu- 
lated prompt  germination  (6,  20).  Seed  treat- 
ments with  potassium  nitrate  or  gibberellic  acid 

have  been  tested  on  a  limited  scale  as  an  alter- 
native for  cold  stratification.  A  0.2  percent  solu- 

tion of  KNO.i  in  the  germination  medium  has 
been  recommended  for  dormant  seeds  of  T. 

plicata  (2).  Germination  in  one  lot  of  T.  orien- 

Table  4. — ■Thuja:  seed  yields,  and  cleaned  seeds  per  pound 

Cleaned  seed  Cleaned  seeds  per  pound 
Species  per  bushel           

of  cones  Range  Average 

Poimds  Nuinher  Number 

T.  occidentalis'          0.7-3.0  184,000-- 567,000  346,000 
T.  orientalis      20,000-     25,000 
T. plicata            0.75  203,000-  592,900  414,000 

'  Average  weight  of  a  bushel  of  cones  is  24  pounds  (18). 
-  The  high  number  was  for  a  sample  containing  only  11  percent  full  seeds  {9). 

Samples 

Number 
66 

2 

60  + 

Data 

source 

9,20 0,20 

20, 2U 
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talis  seeds  was  increased  15  percent  by  soaking 
them  in  a  0.01  percent  solution  of  gibberellic 
acid  for  24  hours  (17).  Dormancy  occurring 
only  in  an  occasional  lot  of  seed  may  be  limited 
to  several  specific  seed  sources,  or  it  may  be 
induced  by  rapid  drying  at  an  excessively  high 
temperature  during  extraction  or  by  prolonged 
storage  (chapter  I). 
Nursery  practice. — Practices  vary  among 

nurseries  as  indicated  in  table  6.  In  general  fall 
sov^^ing  is  preferred  for   T.   occidentalis    (18) 

and  spring  sowing  for  T.  plicata.  Average  seedr 
bed  density  is  about  50  seedlings  per  square  foot 
but  varies  from  35  to  100.  Sowing  depth  varies 
from  %  to  %  inch.  Half-shade  over  the  seed 
beds  is  recommended  during  the  first  growing 
season  (18)  and  a  mulch  over  the  seedlings  is 
sometimes  used  (table  6).  Outplanting  age 
varies  among  nurseries  and  from  year  to  year 
in  some  nurseries  (table  6).  Many  horticultural 
varieties  are  propagated  from  cuttings  or  by 

layering.  :f,i     .K,-ji>,!  lo  ssiiJtJJ^  isat;  .i!.;Jt>£iiAv^ 
•'■cTfll  mc-'if  beea  jDiS'dxe  <'  i  b9i:)9en 

to  osoii 

.(ii)n.<''ij 

Table  5. — Thuja:  germination  test  condition^  and  r^s;^li&:j^r<j:,ri>T/.-j  '^d  boo:'. 
ii7.1j>'{5qin9J  B  oj  jfliyi  oqv 

-^g -Umv 

Germination  test  conditions 

Species 

Daily 

light 

period 

Temperature 

Day 

(8hrs.) 
Night 

(16hrs.) 

Duration capacity 

b  O'.t  'JL-O  biifl'.'qB 

—n 

t+fK Data 
source 

Hours 
T.  occidentalis 

T.  orientalis. . 

T.  plicata   

op 

86 

73 86 

68 73 
86 

"F. 

68 
73 
68 

68 
73 
68 

•ilb9o-^ 

ion   biiAiAi  -^h'n 

Table  6. — Thuja:  7iurS€^'f-p7^Mh§''^^  Y+q.f-^  lo 
:j,..:j.-:f'j-ioq  orfT 

Species 

Stratification 

period  before Season     Seedli-ngs  ' ' for  :,  li.    jjer  ,     ;? . 
., .sowing;   ̂ ^ j^are,f oqt y 

■jh 

Sowing         i\/f,»^i, 

a^pthTfi    n.Mi»feb9? viun  bftuoq  leq  abd^^"fr'  •'-■■o-ni^?^ 

:;[.j  planting; 

P^ta 

.  sotirce 

T.  occidentaUs?i^^.y:  ,AJ  ■  H'i'iiifki^S  HsHi.k-^i^^-'i-M  .  (?-6Siui.j 

T.plicata.:..^:;!...!..'.'-''    '' rri^ vi'.     r  fepr'iiig.,-. ':!...  "'~  1Q0\  i^ 

r.  p/^ea<a..5:^M^5s^^r<0  .T  -^og  09bg^^H|or)d;i  3):  "^  to T.  plicata      .  ̂  *  28^iZ  fBi^'^sgtirfg  imiJ  35J-Wf'>' ' 

t}4-?/»(5   ,j(|^i!ieY.%Fr,c,-,pl5^p,;-,,\^.   .'y2^0,    -^^^-   :5''-)'f' 

straw.      (%1S)   ̂ ^"3-0,3-1     ̂ 

1/4 

e 

Sometimes  stratified  for  30  days  and  sown  in  the  spring.  ;       r^,   .,      ,-  .,^^    .,„         ,  -  •; 

.■?iTransplantstocl<,  2-2  or  2-3,  rhay  be  needed 'for  difficult  sites  fi^f.   •;    ̂   "'   "   '     /    t.^i'-V:  -,     •    ■     -■    - 
?''Seeds  were  soaked  in  water!  overnight,  drained;  mixed  with  vermicu'lit^'fiha  then'^tatififefl  in  a  plastic  bag  at 

Sr-iV  F.  (12).  ,V:    ̂ -vtii'fii^-i  ■  Uf^:aci    ivsO»;i  'rjom  '(O  K!,p9V  f!  -jOl  ,'■:(   ">5f^  OJ      ...    ■  J:  r/t:'  .  !r  ̂i;, 
'  Seeds  were  soal^^,d,^n.W^^pr.^,^(^^^  TO  280       i.ril  Vi^..v-   .Ti,ir 

-1'),  if-  usj  8ii  9iBjrt  tod- frail  f,  no  be>r    '-  nsad  ev^d        t?  ̂ o-f^rro'  b^ntn+ni.ijnT  sry/  x^'.^'Hri    nvv.-ii;!^  . 

sijH    -  Literature  and  Other  Data    'J  «<'if 

■■T  lc.  -;c.'.     Sources  Cited^-V'    ■''^'■'  "''^'^ 
•(l)'Allen,fe^P'    - 1957.    Storage   behavior    of   conifer    seeds   in 

sealed  containers  held  at  0°  F.,  32°  F.,  and 

..)   T>lry>\^C\ 

(5)  DallimoreftW.;  and  Jackson,  A.  Bruce.  nJ:^   < 

■-ri    i  )--i :  m1^I>7-  a  -handbook  of  Cpniferae:  and-Ginkgo- 

Ct   t^'tB    ̂ ii^.ceae.  Ed.i4,rev.  by  S.  G.  Harrison,  729  p. 
St.  Martin's  Press,  New  York. 

(6)  Deff"enbacher,  Forrest  W. 
Communications  1969  and  1971.  USDA  For- 

i2)AssociI^ZS'S^^!ei'AMit-^^^'^-^^^^^^'^^-^-    ^'  p.,.  Win^    River    Nursery.    Carson. Rules    for   testing-  seeds^  Proc;- 2^«soc;   Wash.      
1965 

Off.  Seed  Anal.  54(2) :  1-lia.i  ;,;.>.'.  [,^rir.3n 

(3);Bkker.  Lyle  A.    

'■■'      Correspondence  August  20,' 1969.   Dwight  L. 

(7)   Godman,  R.  MPS  baftfiofO 
  ;   1965.    Nofffierin^'white-cedar    (TMija   occiden- 
5g[iiijL  ffiijg  L  ).  7^,   Silvics  of  forest  trees  of  the 

United  States,  H.  A.  Fowells,  ed.  U.S.  Dep. Phipps   Nursery,  Oregon  State   For.   Dep.,        ,       ■, 

,.^   D     A   -^"^ton,  Oreg.  „r.A■^^o  m  x^-s?  ̂   nf.'-,js.»r        Agric,  Agric.  Handb.  271,  p.  679-685. 
(4)    Boyd,  Raymondv  J.  .OO.Ol?  i<00,\  d5  -f^^-jt-..    „   %,  ̂  

v^s      1965.  We.sternredcedar  (T/nt/a  p?fcaia  Dorin*|lG2     -()SJ.,.lieit,  C.  l!..  ,    ̂     ,  .„     „. 
.-  .  hi    Silvics    of   forest   tl^s  ̂ of   the    UnitM'-Se  -OOO.LaK;    1967.  Propagation  from  seed.  Part  10:  Stor 

   States,  H.  A.  Fowells,  ed.  U.S.  mp.  Agnc 
Agric.  Handb.  271.  p.  686-69I.   ̂ ^^.^  ̂ ^^^^  ,^.^^^  ̂ ,  ̂j„ 

808 

fc   ;     ;"  ,  age  methods  for^  conifer  seeds^  Am,  Nprs- 
•'i^^'r„  ""^^  ■eryman'l26(8):^J4-i5,38-54r,:  ^^W-.vx 



THUJA 

(9) and  Eliason,  E.  J. 

(10) 

(11) 

■UMi 

•-ff; 

(14) 

(15) 

(16) 

1940.  Coniferous  tree  seed  testing  and  factors 
affecting  germination  and  seed  quality.  New 

York  State  Agric.  Exp.  Stn.,  Tech'.  Bull. 255,  45  p.  ^i      ■ 

International  Seed  Testing  Association. ■    • '-'      '  '■  ■ 1966.    International    rules    for    seed    testing. 
Proc.  Int.  Seed  Test.  Assoc.  31(1) :  52-106. 

Isaacson,  J.  A. 
Correspondence,  August  15,  1969.  USDA  For- 

.:■'■.  est    Serv.,   Coeur    d'Alene    Nursery,    Coeur 

it\r<  'fod'Alene,  Idaho. 
•  J&ek,.Ralph  A. 

,,      Correspondence,  August  17,  1969.  Silver  Falls 

'•'         Nursery,  Silverton,  Oreg.  ' 
Kiikachka,  Fmil. 
.UjfO  Communication,   November   21,   1972.   Minne- 
^.<lO'-[    sota  Department  of  Natural  Resources. 
Oregon  State  University  Seed  Laboratory. 

Seed  testing  data  compiled  1968  and  1972. 
Oregon  State  IJniversity,  Corvallis. 

Rehder,  Alfred. 
1940.  Manual  of  cultivated  trees  and  shrubs. 

Ed.  2,  996  p.  The  Macmillan  Company, 
New  York. 

Sargent,  Charles  Sprague. 
1965.  Manual  of  the  trees  of  North  America 

(exclusive  of  Mexico.)  Ed.  2,  corrected  and 
reprinted,  934  p.  Dover  Publ.,  Inc.,  New 
York. 

( 17)    Simancik,  F.,  and  Laffers,  A. 
1963.  The  effect  of  gibberellic  acid  on  germi- 

nation   of    Thuja    orienfalis.    Biologia    18: 
72-74.  [Chem.  Abstr.  59:  no.  6914.] 

_(18)    Stoeckeler,  J.  H.,  and  Jones,  G.  W. 

''  1957.    Forest    nursery    practice    in    the    Lake 
States.    U.S.    Dep.    Agric,    Agric.    Handb. 's.^^-    -^!     110,  124  p. 

(19)  Tillotson,  C.  R. 
1925.  Growing  and  planting  coniferous  trees 

on  the  farm.  U.S.  Dep.  Agric.  Farmers' Bull.  1453,  38  p. 

(20)  USDA  Forest  Service. 
:■'     •'■     1948.    Woodv-plant    seed    manual.    U.S.    Dep. 

P'  -I'Kn  •-      Agric.  Misc.  Publ.  654.  416  p. 

(21)   
Phenological  data  filed  [n.d.].  Intermt.  Forest 

and  Range  Exp.  Stn.,  Ogden,  Utah. 

(22)   
Seed  test  data  filed  1941.  North  Cent.  Forest 

Exp.  Stn.,  St.  Paul,  Minn. 
(23) 

Phenological  data  filed   1952.  Pac.   Northwest 
;-■':•  Forest    and     Range    Exp.     Stn.,    Portland, Oreg. 

(24)     
Seed  inventory   1967.    Northern   Region,   Mis- 

soula,  Mont. 
(25)  Western  Forest  Tree  Seed  Council. 

,.,..,      1966.   Sampling  and   service  testing  western 

''  conifer   seeds.    36    p.    West.    For.    Conserv. 

'■    "'■'  "         Assoc.       /'        ' ' '     '    ■■  ■/  .  '  '  '■■ -■  ■ '  ' 

rii-'^iefiO  .•   'i  .. 
.   -■  >':! 

'r>::ii<'v  :m 

■     ';■.•-■ 
f;;n?:-:V:::-' 

■oni^oions'  •: 

'•'V 

>!"'.■?;"; 
,'':y:':>:- 

'-')     -•j''-' 

'"■fl'i'i' 

;  <■  >    r:    1  i 

■ixvA  Ot  0?/ 

?.'.-, 

;!TH0;; 

:oii  .:!jV! y^^'yh   ■  -^  ' 

:/■*;>:    ; 

,   AUiiiPr 
-iiioiV"-     '^    '; 

'ilf 

■   .,1".  c.., 

..         ■  :   'J'  r 

."^    .,      ,          ,    .: 
:    ''fii: 

[    ?■■■[: : .Pi'iyCjr^jb'i-. 

/'. 

.  1.    •'! '  [ : 
:.•  i  1    ';. 

^'rji'y-) ■■,:,    r'A.O'j 
K'l     hUn     g 

.^:  1; 

3  ; '  ;T;  V    ' 

;-GO!'-v-; 

h\\:> 

','      ii     .."iw'. 

fc.;i;    ivirr-.' 

.'s 

'tH  ■ 

■^V.'.      '-'.i 

liOir''''":^ 

;.:;/; 

l^'iiiiil'/ 

^■,si    ̂ MilH^ 

-^n 

^U>0'-; 

T'O    ;-j.i 

ii  Hh^^-Jj 

!>-./. 

yUiii'AV'' f(2'';ff;i     ,.■:-. 

(■;''  i 

i?>lr 

'*•.  ---.».  f ':!  ':Ui -J  .'    i. :  ■ 

'.T-i ''-,'' 

V::i:-^     -.-:*,'">.: 

--./(■' 

'UO  1.!       i 

^•■/;r.-'i-     ' 
•  )         ■: . "'    ■■■■.■■ 

ijjcr, 

?.»a,: 

,   Mi! <}■'!'' 
■(•:(':J..!  ̂ .'^)■ 

■^^^^^.■>v•■^■^.,^.v      ,  ,a 

:u\'i^ 

\v.A\i\:no-i  .!j:l/;G 

^rnoilHW  .'7  .Ifvidon 

AVjuU'i  .'■.:>  '.V:V 

-   .           —  - —   . 
"" 

■r/'d-yv 

iLrc. '/ 

r:?.riii;fi  rt.;i(:|!! 

/J 

,'yc 

■.;.  .'.■.! 

:<S 

■ij.t., 

:'  1'. 

s.'i .(K-; 

';.^;:;o' 

':■  y>  .-(la^vi 

:,!•!')<. ]■■'.  !..a-.' 

■■■-!• 

■s;:H 

?'■[]: J  f':
'-'^ '■ 

if.  ■■.:■ 

^';k(i  ■. 

--;   ■ '  ■  ■'pV'j 

)liib!i 

809 



TILIA 

Tiliaceae — Linden  family 

TILIA  L.  Basswood,  linden  (SPN) 

by  Kenneth  A,  Brinkman  ^ 

Growth  habit,  occurrence,  and  use. — The  lin- 
dens include  about  30  species  of  small  to 

medium-large  deciduous  trees  native  to  the 
temperate  regions — in  eastern  North  America 
south  to  Mexico,  and  in  Asia  south  to  central 
China  and  southern  Japan.  They  are  valuable 
as  timber  trees  for  lumber,  veneer,  and  spe- 

cialty products ;  for  shade  and  ornamental  plant- 
ings; for  "bee  pasture,"  and  for  wildlife  food 

and  cover.  Only  T.  cor  data  and  T.  americana 
(table  1)  have  been  widely  planted  in  this 
country;  both  species  are  relatively  tolerant  of 
city  smoke  and  dirt. 

Flowering  and  fruiting. — The  perfect,  yellow- 
ish flowers  of  both  species  open  in  June  and 

July  and  are  borne  in  drooping  clusters  attached 
to  large  bracts.  The  fruits,  which  ripen  in  Sep- 

tember and  October  {3,  Ik,  17,  20),  are  round  to 
egg-shaped  indehiscent  capsules.  Each  consists 
of  a  crustaceous  or  woody  pericarp  enclosing 
usually  a  single  seed  but  sometimes  two  to  four 
(figs.  1  and  2)  {19).  The  seeds  have  a  crusta- 

ceous seedcoat,  a  fleshy,  yellowish  endosperm, 
and  a  well-developed  embryo  (figs.  2  and  3). 
Natural  dispersion  is  chiefly  by  wind  and 
animals.  Available  data  on  seeding  habits  are 
included  in  table  2. 

Collection  of  fruits. — After  frosts,  linden 
fruits  can  be  shaken  from  the  branches  onto 
canvas  and  spread  out  to  dry.  If  the  fruits  are 
collected  earlier  when  they  first  begin  to  turn 
brown,  they  must  be  picked  from  the  trees. 

Extraction  and  storage  of  seed. — When  dry, 
the  persistent  bracts  can  be  removed  by  flailing, 
or  by  running  the  fruits  through  a  dewinging 
machine.  Sieving  or  screening  will  remove  most 
debris.  The  pericarps  of  T.  cordata  also  can  be 

removed  by  flailing,  but  fruits  of  T.  americana 
must  be  run  through  a  coffee  grinder  or  similar 
device,  or  be  acid-treated  to  accomplish  this 
removal  (19).  Seed  yields  and  size  vary  by  spe- 

cies (table  3).  Linden  seed  should  be  stored  dry 

at  40"  F.  (or  lower)  if  it  is  kept  very  long.  T. 
cordata  seed  with  10-  to  12-percent  moisture 

,:.  f'-J^^kMfSSSHtmflfdl^'**        ^ 

T.  .americana 
American  basswood 

X 

\ 

7".  cordata 

littleleaf  linden 

'  North  Central  Forest  Exp.  Stn. Figure  1. — Tilia:  fruits,  1  X. 

Table  1. — Tilia:  nomenclature,  occurrence,  and  uses;  data  compiler's 

Scientific  names 
and  synonyms 

Common  names Occurrence 

Uses ' 

Data  compilers 
for  the  species 

.  americana  L.        
T.  glabra  Vent. 
T.  vevulosa  Sarg. 
T.  neglecfa  Spach. 

.  cordata  Mill. 
T.  europea  L.  in  part. 
T.  ulmifolia  Scop. 
T.  parvifolia  Ehrh. 

American  basswood, 
American  linden  (SPN), 
basswood. 

littleleaf  linden  (SPN), 
small-leaved  linden, 
winter  linden. 

New  Brunswick  and  Maine 
west  to  southern  Manitoba, 
south  to  eastern  Kansas, 
east  to  North  Carolina. 

Europe  and  Siberia 

T,  H    Robert  D.  Williams. 

T,  H,  E       Paul  O.  Rudolf. 

'  T :  timber  production,  H :  habitat  or  food  for  wildlife,  E :  environmental  forestry. 
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Table  2. — Tilia:  height,  seed-hearing  age,  seed  crop  frequency  and  fruit  ripeness  criteria 

Species 

Height 
at 

maturity 

Year  of 
first 

culti- vation 

Seed-bea 
age 

ring 

Interval  between 
large  seed  crops 

Fruit 

ripeness  criteria 
Preripe 

color Ripe  color Minimum 
Data 

source Time 

Data 

source 

Data 
source 

Feet Ycr.rs Years 

T. 

T. 

arnericana 

cordata   

130 

100 

1752 

Since 
ancient 
times. 

15 

20-30 

10 

3,20 

1  + 

1  + 

V, 

3,20 

Green 

Gray  with 

greenish 
tinge. 

Greenish 
brown. 

Yellowish 
brown  with 
slight  green tinge. 

1 

Figure  2. — TiUa,  cordata,  littleleaf  linden:   seed,  4    X. 

content  will  keep  satisfactorily  for  2  to  3  years 
under  ordinary  dry-storage  conditions  {I,  2), 
but  moist  storage  in  sand  at  low  temperatures 
is  equally  satisfactory  (12).  T.  arnericana,  will 
keep  for  2  years  if  stored  dry  at  room  tempera- 

ture; for  longer  storage,  low  temperatures  are 
necessary  (J 9). 

Pregermination  treatment. — Basswood  seed 
shows  delayed  germination  because  of  an  im- 

permeable seedcoat,  a  dormant  embryo,  and  a 
tough  pericarp.  Seed  treatments  that  consist- 

ently result  in  good  germination  have  not  been 
developed.  Fair  germination  sometimes  results 
with  T.  anicricaiia  if  the  pericarp  is  removed 
by  mechanical  methods  or  by  soaking  the  fruits 
in  concentrated  sulfuric  acid  for  40  minutes  and 
then  forcing  the  seed  through  a  screen.  This 
process  is  followed  by  etching  the  seedcoat  in 
concentrated  sulfuric  acid  for  10  to  15  minutes 
and  then  stratifying  it  in  a  moist  medium  for 

3  months  at  34"  to  38°  F.  Several  authors  sug- 
gest that  best  germination  results  when  fruits 

are  collected  as  early  as  possible  and  treated 
promptly  (/f,  -S). 

Germination     tests. — Germination     mav     be 

4mm ■0 

Figure  3. — Tilia  arnericana,  American  basswood: 
tudinal  section  through  a  seed,  12  x . 

longi- 

tested  in  sand  flats  or  in  germinators  at  tem- 
peratures of  85°  F.  (day)  and  65°  (night)  for 

30  to  60  days  (2,  4).  Germination  is  epigeal 
(fig.  4).  Light  is  not  needed  during  the  test  (6). 
Average  germination  in  25  tests  of  T.  arneri- 

cana was  31  percent  {9,  19),  compared  with  33 
percent  in  more  than  60  tests  of  T.  cordata  (1, 
i,  S,  12.  15,  16,  17,  IS,  20).  The  topographical 
tetrazolium  test  provides  a  quick  determination 
of  the  viability  of  stored  or  treated  seed  (7). 
This  test,  however,  requires  removal  of  the  peri- 

carp and  the  seedcoat  before  the  endosperm  and 
embryo  can  be  stained  in  a  tetrazolium  solution. 
Nursery  practice. — Both  fall  sowing  and 

spring  sowing  of  stratified  seed  usually  result  in 

Table  3. — Tilia:   cleaned,  seeds  per  pound  and  other  yield  data 

Species 

Place 
of 

collection 

Seed  yield 

per  100 
pounds of  fruit 

Seed  yield 

per  bushel of  fruit 

Cleaned  seeds  per  pound 

Range 
Average       Samples 

Data 

source 

T.  arnericana.     Mississippi, 

T.  cordata    Russia 
Germany 

Pounds 

75 
80 

Pounds 
20 

19-20 

Number 

3,000-  8,000 
11,300-17,400 

Number 

3,000 
5,000 13,800 

Number 

2 

15  + 

57  + 

11 
19 Jf,5,12 13,18,19,20 
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Figure  4. — Tilia  americana,  American  basswood:  seed- 
ling development  at  1,  3,  16,  and  19  days  after  ger- 

mination. 

seedlings  emerging  over  a  2-  or  3-year  period. 
Increased  production  of  first-year  seedlings  can 
be  obtained  for  T.  americana  if  the  seeds  are 
treated  with  sulfuric  acid  (see  pregermination 
treatments)  about  5  months  before  sowing.  In 
one  series  of  tests  with  T.  cordata,  seedling  pro- 

duction of  22  to  25  percent  was  obtained,  mostly 
in  the  first  spring,  after  sowing  dry-stored  seed 
in  June  or  July  {19).  Early  collection  of  fruits 
when  they  first  turn  slightly  brown  and  immedi- 

ate sowing  also  was  recommended  for  this  spe- 
cies (15).  Bailey  {1)  reported  that  this  pro- 

cedure gave  good  results  with  T.  americaitui. 
Sowing  175  to  200  seeds  per  square  foot  about 
V4,  to  I/O  inch  deep  produced  30  seedlings  per 
square  foot  (17-percent  success).  Both  species 
are  outplanted  as  1-0  or  2-0  stock. 
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TOONA 

Meliaceae — Mahogany  family  .    . 

TOONA  AU STRAUS  Harms  Australian  toon 

by  Gerald  A.  Walters  ̂  

-iii  V 

Synonyms, — Toona  ciliata  var.  australis  (F. 
Muell.)  C.  DC,  Cedrela  toona  var.  australis 
(Roxb.)  C.  DC. 

Other  common  names. — toona,  Australian 
redcedar. 

Growth  habit,  occurrence,  and  use. — Austra- 
lian toon  is  the  only  species  of  Toona  important 

in  Hawaii.  It  was  introduced  into  Hawaii  from 
the  coastal  rain  forest  areas  of  Australia  in 
1914  (1,  3).  Australian  toon  is  a  deciduous 
timber  tree  which  attains  heights  of  100  to  140 
feet.  It  keeps  its  leaves  longer  on  moist  sites 
than  on  drier  sites,  and  sometimes  trees  are 
said  to  be  evergreen.  Australian  toon  has  been 
widely  planted  in  Hawaii  because  the  wood  is 
valued  for  cabinets  and  furniture.  The  red, 
often  highly  figured  wood  is  durable  and  seasons 
rapidly  (1,2). 

Flowering  and  fruiting. — In  Hawaii,  Austra- 
lian toon  flowers  from  April  to  June.  The  flowers 

are  bisexual.  The  five-valved,  tear-shaped  cap- 
sules, 0.7  to  1  inch  (18  to  25  mm.)  long,  in 

pendulous  clusters,  ripens  during  July  to 
September.  Seed  is  dispersed  during  August  to 
October  (^).  Trees  begin  to  seed  as  early  as 
5  years  of  age,  but  generally  do  not  seed  with 
regularity  or  in  quantity  until  10  to  15  years 
of  age  (1). 

Collection,  extraction,  and  storage. — The  cap- 
sule turns  from  green  to  brown  or  reddish 

brown  when  ripe.  When  the  first  capsule  in  a 
cluster  dehisces,  the  whole  cluster  should  be 
picked.  The  harvested  fruit  should  be  spread 
on  trays  in  the  sun  to  dry.  The  light  brown, 
membranous  winged  seeds  (figs.  1  and  2)  fall 
from  the  capsule  as  the  fruit  dehisces.  Agitation 
aids  the  separation  of  seed  from  fruit.  A  seed 
cleaner  is  used  to  separate  the  seed  from  chaff. 
Ten  samples  showed  from  133,000  to  174.000 
(average  143,000)  cleaned  seeds  per  pound  (i). 
Seed  purity  is  about  84  percent  (5).  Seeds  are 

Figure  1. — Toona  australis,  Australian  toon:  seed,  2  X- 

-13  mm 

wing 

seedcoat 

cotyledons 

hypocotyl 
radicle 

'  Pacific  Southwest  Forest  &  Range  Exp.  Stn. 

•0 

Figure  2. — Toona   australis,   Australian   toon:    longitu- 
dinal section  through  a  seed  with  wing  attached,  8  X . 
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stored  in  sealed  polyethylene  bags  at  about  34° 
F.  (4). 

Germination. — Australian  toon  seed  germi- 
nates without  special  treatment,  but  stratifica- 

tion for  30  days  at  38°  F.  in  plastic  bags  greatly 
increases  the  speed  of  germination.  A  water 
soak  also  may  speed  up  germination  (.5).  Full 
germination  of  90  percent  of  unstratified  seed 
occurred  in  2  weeks ;  full  germination  of  96 
percent  of  stratified  seed  occurred  in  1  week 
(5).  Germination  is  epigeal. 
Nursery  practice. — Australian  toon  seed  can 

be  sown  in  Hawaii  during  any  month  of  the 
year,  but  best  results  are  obtained  from  March 
to  November  sowings.  Seeds  are  hand  broad- 

cast into  precut  lines.  The  lines  are  about  1/2 
inch  deep  and  about  6  inches  apart.  Most  of 
the  seeds  that  fall  away  from  the  lines  are  put 
in  place  as  the  lines  are  covered  with  soil.  The 

beds  ai'e  made  level  to  prevent  washing.  The 
soil   is  kept  moist  by  frequent  watering.   No 

mulch  or  shade  is  used.  Seedling  density  in  the 
beds  is  about  15  to  25  seedlings  per  square  foot. 
Seedlings  are  outplanted  as  -Vj-O  or  1-0  stock 
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TORRE Y A 

Taxaceae — Yew  family 

TORRE  Y A  Arn.  Torreya 

by  Douglass  F.  Roy  ̂ 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Ton-eya  includes  six  closely  related  species 

of  trees  and  shrubs  found  in  North  America, 
central  and  northern  China,  Japan,  and  Cheju 
(formerly  Quelpart)  (11).  These  species  are 
isolated  relicts  of  a  pre-Pleistocene  widespread 
circumpolar  flora  growing  at  high  latitude  (1, 
16).  Two  species  native  to  the  United  States 
are  considered  here  (table  1). 

California  torreya  and  Florida  torreya  are 
medium-sized  evergreen  trees  that  grow  very 
slowly.  California  torreya  sometimes  is  shrubby 
(15),  but  generally  grows  15  to  50  feet  tall  and 
8  to  20  inches  in  diameter  {6).  In  the  Coast 
Ranges,  trees  may  reach  75  to  100  feet  in  height 
and  2  to  4  feet  in  diameter,  but  these  dimensions 
are  rare  {11,  14).  Florida  torreya  grows  30  to 
40  feet  tall  and  1  to  2  feet  in  diameter  (4,  14). 

The  woods  of  California  and  Florida  torreya 
are  excellent  for  cabinet  making,  but  large  trees 
are  not  sufl^ciently  abundant  for  commercial 
logging  {9,  12).  Trees  of  both  species  have 
been  used  locally  for  fenceposts  because  the 
wood  is  durable  in  the  soil  {14).  California 
torreya  has  been  cultivated  rarely  as  an  orna- 

mental in  California  and  western  Europe.  An- 
imals frequently  eat  the  seeds    {9). 

Flowering  and  fruiting. — The  male  and  fe- 
male flowers  of  Torreya  are  each  borne  on 

diff^erent  trees.  On  cultivated  forms,  however, 
male  and  female  flowers  are  found  rarely  on 
the  same  tree  (5).  Male  flowers  are  small,  bud- 

like, and  numerous  on  the  under  sides  of  twigs 
at  the  bases  of  leaves  produced  the  previous 
year.  Stamens  are  clustered  in  six  to  eight 
whorls  with  four  stamens  in  a  whorl.  Each  fil- 

ament supports  four  globose  yellow  pollen-sacs 
{14). 

Scattered  single  female  flowers  generally  ap- 
pear on  the  lower  sides  of  shoots  of  the  current 

year's  growth.  The  ovule  develops  in  a  sessile 
fleshy  arillike  structure  {14).  By  the  end  of 
the  second  season  the  fertilized  ovule  forms  a 
thinly  fleshed  green  to  purple  drupelike  fruit 
1  to  1%  inches  long  (25  to  44  mm.)  (fig.  1). 
The  fleshy  layer  containing  numerous  thin  flat 

fibei-s  splits  longitudinally  after  maturity  {14) 
to  expose  the  single  oblong-ovate  yellow-brown 
seed  (fig.  2).  The  thick  woody  inner  seedcoat 
is  irregularly  folded  into  the  endosperm  and 
the  embryo  is  minute  (fig.  3). 

Flowering  of  both  species  occurs  in  March 
and  April  {14)  and  extends  into  May  on  Cali- 

fornia torreya   {11).  Fruits  ripen  in  August, 

;-*♦> 

'  Pacific  Southwest  Forest  &  Rang-e  Exp.  Stn. 

Figure  1. 
I    X. 

-Torreya   taxifoUa,   Florida   torreya:    fruit. 

Table  1. — Torreya:  nomenclature,  occurrence,  and  uses 

Scientific  names 
and  synonyms 

Common  names Occurrence 

Uses' 

T.  califoriiica  Torr. 
T.  viyristica  Hook. 
Tuinion  californicum 

(Torr.)  Greene. 
T.  taxifolia  Arn.          . 

Tumion  taxifolium 
(Arn.)  Greene. 

California  torreya, 
California  nutmeg, 
stinking-yew, 
stinking-cedar. 

Florida  torreya, 
stinking-cedar, 
gopher-wood  tree. 

In  24  small  areas  scattered  along  the  Coast  Ranges     T,  W,  E,  H 
and  the  west  slope  of  the  Sierra  Nevada  in  Cali- fornia (7). 

Scattered  trees  in  a  50-mile  strip  along  the  Apa-     T,  H 
lachicola   River  from   Decatur   Co.,   Georgia,   to 
Liberty   Co.,   Florida,   and   in   a   small   area   in 
Jackson  Co.,  Florida   (7). 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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T.  californica 
California  torreya 

Figure  2. 

25mm 

e?; 

T.   taxifolia 

,    ,        Florida  torreya 

( i  M 

-Torreya:
  

seeds,  1  X.  ,; 

''."ihi  197/01  erio  no  iBsq 

;o3ii98  bno;)98  9iii 

•..'^  %Jiiq8  aisdrl; 

)rfj  98oqxa  oJ 

.gft)    h99R 
yi'fKluaSlI!    :5i ■.;'■■    'i',r"f'w'C  oriJ 

-  seedcQatjp 

endosperm 
embryo 

tion  has  improved  the  germination  of  seeds  of 
other  genera  having  an  after-ripening  require- 

ment (Chapter  6). 
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Figure  3. — Torreya  californica,  California  torreya:  lon- 
gitudinal section  through  a  seed  showing  the  folds  of 

the  inner  seedcoat  extending  into  the  endosperm,  3  X . 

September,  and  October  in  California  (1,  8, 12) 
as  well  as  in  Florida  (5).  Midsummer  fruit 
ripening  has  been  reported  for  the  Florida 
species  {It,  14),  but  is  not  typical  (5). 

Seeds  per  pound. — In  two  small  samples  of 
California  torreya,  the  average  number  of  seeds 
per  pound  was  125  (17).  A  larger  sample  with 
a  specific  gravity  of  0.686  contained  191  seeds 
per  pound  (13).  A  sample  of  Florida  torreya 
contained  225  seeds  per  pound  at  a  moisture 
content  of  8.6  percent  (5).  ■  r;!0 

Germination. — Whether  stratification  is  bene- 
ficial for  germination  of  Torreya  seeds  is  not 

certain.  Seeds  germinate  without  stratification, 
but  do  so  slowly  (17).  California  torreya  seeds 
require  a  long  after-ripening  period  before 
germination  (9).  Even  after  3  months  of  strat- 

ification, seeds  germinate  6  to  8  months  after 
sowing  (2).  The  maximum  germination  re-, 
corded  after  3  months  of  stratification  was  92 
percent  9  months  after  sowing  (10,  17).  Warm 
moist  stratification  followed  by  cold  stratifica- 
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Myrtaceae — Myrtle  family 

■\^,iU 

TRISTANIA  CONFERTA  R.  Br. Brushbox 

u^     ,Gg     .!fii;4     liiVi'i-Ar: by  Edwin  Q.  P.  Petteys  ̂  

Synonyms. — Tristania  snhverticiUata  Wendl., 
Lophostcm(»i  auStrdle  Sehott. 

Other  common  names. — Brisbane  box,  scrub 
box,  vinegar  tree. 

Growth  habit,  occurrence,  and  use. — Tristania 
consists  of  a  single  species  of  importance — 
Tristania  couferta.  Brushbox  is  native  to  the 
eastern  coastal  region  of  Australia.  It  has  be- 

come naturalized  throughout  India  and  Africa 
(7)  as  well  as  in  California  (2)  and  Hawaii. 
Brushbox  is  an  evergreen  tree  which  attains 
heights  of  120  to  150  feet  (3,  It,  5).  It  is  gen- 

erally planted  for  timber,  but  also  as  an  orna- 
mental. The  wood  is  hard,  heavy,  durable,  and 

fairly  resistant  to  termites  and  shipworms  (7). 
It  is  used  for  decking,  general  construction, 
and  specialty  items  (1).  This  species  is  a  hardy 
ornamental  (7)  and  shade  tree,  with  handsome 
foliage. 

Flowering  and  fruiting. — Brushbox  produces 
seeds  moderately  well  at  15  to  20  years  {S). 
The  bell-shaped,  three-celled  capsules,  up  to 
0.3  inch  in  diameter  (6),  turn  from  green  to 
greenish  brown  when  ripe.  In  Hawaii,  trees  can 
be  found  in  all  stages  of  the  reproduction  cycle 
at  any  time  during  the  year,  depending  on  the 
aspect  and  elevation  at  which  thev  are  growing 
(5). 

Collection,  extraction,  and  storage. — In  Ha- 
waii, the  capsules  are  picked  by  hand  from  felled 

or  standing  trees.  The  fruits  are  spread  on  trays 
for  further  ripening.  The  seed  is  released 
naturally  through  the  drying  process.  Agitation 
aids  in  separating  the  seed  from  the  capsules. 

The  seed  is  small;  slivers  about  '^\-^  inch  (2 mm.)  (figs.  1  and  2)  with  more  than  2.2  million 
seeds  per  pound,  of  which  it  is  estimated  that 
there  are  about  50,000  viable  seeds  (uncleaned) 
(.9).  Seeds  are  stored  in  sealed  polyethylene 

bags  at  temperatures  of  0'-10°  F.  (S). 
Germination. — No  pregermination  treatments 

are  necessary  for  brushbox    {8,  0).  Full  seed 

germination  for  seed  samples  tested  at  the 
Eastern  Tree  Seed  Laboratory  averaged  about 
70  percent.  The  total  full  seed  percent  of  these 
samples  was  only  12  percent  {9),  so  the  ger- 

mination capacity  was  8  percent. 
Nursery  and  field  practice. — Brushbox  seeds 

are  mixed  with  fine  soil  and  the  mixture  is  then 

I.  iLiS^ifitmftT'' 

Figure  1. — Tristania  confcrta,  brushbox:   seed,   12    X. 

r3rn  m 

^  Hawaii  Division  of  Forestry. 
Figure  2. — Tristania   confcrta,  brushbox:    longitudinal 

section  through  a  seed,  24  X . 
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spread  with  a  fertilizer  spreader.  Germination 
usually  begins  in  10  to  14  days.  No  mulch  or 
shading  is  provided.  Seeds  are  sown  from  No- 

vember to  March  and  seedlings  are  outplanted 
the  following  winter  as  1-0  stock.  Seedling 
density  is  20  to  30  per  square  foot.  Bare-root 
seedlings  must  be  treated  and  planted  with 
care  to  minimize  high  mortality  common  to 
Tristania  species  (8). 
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Pinaceae — -Pine  family 

TSUGA  (Endl.)  Garr. 

by  Robert  H.  Ruth 

Hemlock 

Growth  habit,  occurrence,  and  use. — The  hem- 
locks are  tall,  straight,  evergreen  trees  with 

conical  crowns  and  slender,  horizontal-to- 
pendulous  branches.  Fourteen  species  have  been 
reported,  four  occurring  in  the  United  States 
and  the  others  in  the  Himalayas,  China,  Taiwan, 
and  Japan.  Tmiga  is  the  vernacular  Japanese 
name  for  hemlock. 

Of  the  four  species  native  to  the  United  States 
(table  1),  eastern  hemlock  and  western  hemlock 
are  used  commercially  for  lumber  and  pulpwood. 
The  bark  of  eastern  hemlock  has  been  a  source 
of  tannin  for  the  leather  industry.  Carolina 
hemlock  overlaps  the  southern  range  of  eastern 
hemlock  but  is  a  smaller  tree,  with  longer 
needles  and  cones.  The  wood  serves  the  same 
uses  as  eastern  hemlock,  but  is  not  abundant 
and  of  only  minor  commercial  importance. 
Carolina  hemlock  is  especially  suitable  for  or- 

namental plantings  and  is  increasingly  used 
for  this  purpose.  Mountain  hemlock  is  impor- 

tant mainly  for  watershed  protection  and  the 
scenic  beauty  it  adds  to  subalpine  environments 
of  Pacific  Northwest  mountain  ranges.  It  varies 
in  size  from  a  sprawling  shrub  at  timberline 
to  a  medium-sized  forest  tree.  In  central  and 
southern  Oregon  and  some  other  areas,  it  be- 

'  Pacific  Northwest  Foi-est  &  Ranpe  Exp.  Stn. 

comes  an  important  part  of  the  softwood  saw- 
timber  volume. 

Geographic  races. — Eastern,  western,  and 
mountain  hemlock  have  long  north-south  ranges 
and  grow  in  a  variety  of  habitats.  Through 
natural  selection,  they  apparently  have  devel- 

oped numerous  genetic  types,  each  adapted  to 
its  local  habitat. 

A  series  of  experiments  with  T.  canadensis 
{6,  .52,  53,  6't)  showed  that  seedlings  from 
southern  seed  sources  tend  to  harden  off  and 

go  dormant  latei'  in  the  autumn,  make  more 
total  growth,  and  the  seed  requires  less  strat- 

ification than  those  from  northern  sources. 

Southern  seeds  germinate  best  when  tempera- 

tures approach  70"  F.,  while  northern  seeds 
do  best  near  55"  F.  Seedlings  from  southern 
sources  planted  in  Wisconsin  grew  late  into  the 
fall  and  were  more  severely  damaged  by  frost 
than   their   northern   counterparts. 

Similai"  I'esults  were  obtained  with  T.  hef- 
erophjilla  from  18  western  provenances  planted 
at  various  sites  in  Britain.  Seedlings  from 

southern  parts  of  this  species'  range  in  the 
United  States  grew  faster  and  set  terminal 
Inids  later  in  the  season  than  those  from  the 
north.  However,  when  planted  in  northern 
Britain,  they  suffered  severe  damage  from  frost 
and  cold  winds.  Frost  damage  was  reduced  if 

Table  1. — Tsuga:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names 
and  synonyms 

Common  names Occurrence 
Uses 

Data  compilers 
for  the  species 

T.  canadensis  (L.)  Carr.    eastern  hemlork, 
Canada  hemlock, 
hemlock. 

T.  caroliniaiia  Enpelm.        Carolina  hemlock 

T.hetorophyUd  (Raf.)  Sarg. 

r.  mertetisiaiia  (Bong.)  Carr. 

western  hemlock. 
Pacific  hemlock, 
west  coast  hemlock. 

mountain  hemlock, 
black  hemlock. 

Nova  Scotia  to  southern 

Ontario,  south  to  north- 
ern Georgia  and  Alabama. 

Mountains  of  Virginia  to 
South  Carolina  to 
Georgia  to  Tennessee. 

Pacific  Coast  from  Alaska 
to  northern  California 
and  in  mountains  of 
northern  Idaho  and 
northwestern  Montana. 

Pacific  Coast  regions  from 
Cook  Inlet.  Alaska,  to 
central  California  and 
western  Montana. 

T,  H,  E 

T,  W,  E 

W.  B.  Leak. 

R.  L.  Barnes. 

T,  H.W.E       Robert  H.  Ruth. 

T,  H,  W,  E      Robert  F.  Woollard. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  W:  watershed,  E:  environmental  forestry. 
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seedlings  were  planted  under  a  high  forest 
cover  (47,  48,  49).  Seed  weight  was  found  to 
decrease  significantly  from  south  to  north  with 
collections  from  Alaska  expected  to  have  at 
least  50,000  more  seeds  per  pound  than  seed 
from  Oregon  {14).  Similar  geographic  varia- 

tion probably  occurs  in  T.  mertensiana,  although 
this  has  not  been  documented. 

Careful  selection  of  seed  source  cannot  be 
overemphasized.  Northern  seed  sources  can  be 
expected  to  grow  slowly  when  planted  in  the 
south,  and  southern  seed  sources  run  the  risk 
of  frost  damage  when  planted  in  the  north. 
Until  more  is  known  about  adaptability  of 
Tsuga  to  new  and  different  environmental  con- 

ditions, seeding  and  planting  should  be  re- 
stricted to  the  latitude  and  elevation  of  the 

seed  collection  zone.  In  the  case  of  T.  hetero- 
phylla,  the  tree  seed  zones  delineated  by  the 
Western  Forest  Tree  Seed  Council  (82)  may  be 
used  in  Oregon  and  Washington.  Those  devel- 

oped by  the  organization  for  Economic  Co- 
operation and  Development  (56)  may  be  used 

in  British  Columbia. 

Tsuga  y^jeffreyi  (Henry)  Henry,  Jeffrey 
hemlock,  has  been  reported  as  a  cultivated  hy- 

brid between  western  and  mountain  hemlock 
(26,  50,  60).  Some  French  taxonomists  have 
proposed  that  T.  mertensiana  itself  is  an  in- 
tergeneric  hybrid  between  Picea  sifchensis  and 
T.  heterophylla  and  renamed  it  Tsnga-Picea 
hookeriana  (15,  77,  78).  They  consider  a  Cali- 

fornia form  of  T.  mertensiana  known  as  T. 
crassifolia  to  be  a  cross  between  T.  mertensiana 
and  Picea  engelmannii  Parry.  These  hypotheses 
have  been  questioned  by  American  foresters 
largely  because  of  the  absence  of  backcrosses 
and  hybrid  swarms  in  the  field  (22,  26). 
Many  horticultural  varieties  of  Tsuga,  in- 

cluding compact,  weeping,  spreading,  and 
columnar  forms,  have  been  described  (18,  54, 
59,  60,  66,  67).  They  are  widely  accepted  as 

ornamentals  throughout  the  temperate  parts  of 
the  northern  hemisphere. 

Superior  strains. — Selection  of  superior  trees 
has  been  started  with  T.  heterophylla  in  British 
Columbia.  Several  superior  stands  have  been 
selected  and  are  being  evaluated  by  plantation 
tests  of  seedlings  in  several  environments.  In 
another  study,  half-sib  progenies  are  being 
tested  to  obtain  estimates  of  genetic  variation 
and  heritability  (55,  79). 

Flowering  and  fruiting. — Seed  production  of 
hemlock  usually  begins  when  trees  are  20-30 
years  of  age,  a  little  later  if  trees  are  shaded. 
Male  and  female  strobili  develop  in  clusters 
near  the  ends  of  lateral  branches;  each  one 
consists  of  a  central  axis  with  spirally  arranged 
microsporophylls.  Ovulate  strobili  are  erect 
with  nearly  orbicular  scales,  each  with  two 
basal  ovules,  subtended  by  a  membranous  bract 
about  the  same  length  as  the  scale.  They  occur 
terminally  on  the  lateral  shoots  of  the  previous 

year. Cones  mature  in  one  season,  are  small,  pen- 
dant, globose  to  ovoid  or  oblong,  with  scales 

longer  than  the  bracts  (fig.  1).  T.  canadensis 
has  the  smallest  cones,  mostly  14  to  %  inch 
long,  followed  by  T.  heterophylla  with  cones 
up  to  1  inch  and  T.  caroliniana  mostly  1  to  II/2 
inches.  T.  mertensiana  cones  often  reach  31/2 
inches  long  (33,  39,  62).  The  period  of  dissem- 

ination of  T.  heterophylla  seeds  (table  2)  can 
extend  over  a  full  year  (35).  Cones  often  remain 
on  the  hemlocks  well  into  the  second  year, 
being  especially  conspicuous  on  the  tops  of  T. 
mertensiana.  All  four  species  of  hemlock  bear 
some  cones  almost  every  year  and  large  crops 
are  frequent  (table  3). 

Seeds  are  nearly  surrounded  by  their  wings 
(fig.  2).  Embrvos  have  3  to  6  cotyledons  (62) (fig.  3).  _ 

Collection  of  fruits. — Tsuga  cones  are  small 
and  therefore  more  difficult  to  harvest  than 
the  larger  cones  of  many  conifers.  They  are 

Table  2. — Tsuga:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal dates 

Data 

source 
T.  canadensis.-  .   Southern  range  to  Apr.  to 

northern  range.         ...  ,  early  June. 

T.  caroliniana.. .    North  Carolina —      '     .     V      Mar.-Apr.  _.   South  Carolina. 
T.  heterophylla..   Oregon — Washington      Apr.-May   

Southern  British  Columbia       ,   
Southeastern  Alaska   .     - 
West-central  Oregon   ,     _   
Idaho   ..  -  May  27-June  5     . 

T.  mertensiana..    Oregon   ;.  June       
British  Columbia,  Alaska         June  to  mid-July 
Bitterroot  Mountains,  Idaho              .., 

Sept.  to  Oct     Sept.  to  winter.   28,  32,  39,  75 

Aug.-Sept,ftX^.:i---     -.  57 

Sept.-Oct.  .  Oct.-May    61,73 
Sept.  15    Oct.-June    1,29 
Sept.-Oct   .._-.  Oct.-Oct    31,  3 J,,  35,  i2 

..:..._.[  _.  ..  :.:..J..:'::  Sept.-May      30 Aug.          -   Sept.  17  to  winter  7^ 
Late  Sept.-Oct.        23,  26 
  ,.,..,..,....„        37 
Aug....,i..._.,^,f.,;,,,,..,  ,.:..,fH>?*i-!:rr-^v<r-  ■^'^ 
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T.  canadensis 
eastern  hemlock 

T.  heterophylla 
western  hemlock 

T.  caroliniana "•■\  Carolina  hemlock 

Figure  2. — Tsuga:  seeds,  4  x. 

Figure  1. — Tsuga:  cones,  1  x. 

most  easily  collected  from  tops  of  trees  felled 
during  harvest  cuttings,  but  care  must  be  taken 
that  the  seeds  are  mature.  They  also  can  be 
obtained  using  ladders,  pole  pruners,  and  va- 

rious kinds  of  climbing  equipment.  Usually  cone 
collection  is  delayed  until  shortly  before  seed 
dispersal  to  insure  full  seed  maturity.  Based 
on  a  study  of  T.  heterophiiUa  in  southern  British 
Columbia,  Allen  (2)  recommended  September 
15  as  a  suitable  date  to  begin  cone  collection 
even  though  cones  are  still  green  and  hard. 
Seeds  collected  August  30  had  lower  germi- 
native  capacity.  The  rate  of  germination  of 
seeds  collected  September  15  was  improved  by 
storage  and  stratification.  Also,  working  with 
T.  heterophiiUa,  Harris  {35)  found  a  few  seeds 
viable  when  extracted  as  much  as  70  days  be- 

fore seed  dispersal.  When  cones  were  left  on 
the  tree,  percent  viability  increased  gradually 
until  almost  dispersal  time. 

Extraction  and  storage  of  seeds. — Handling 
procedures  for  Tsuga  cones  and  seeds  follow 
those  of  other  conifers.  Usually  cones  are  stored 
in  permeable  sacks  in  open-sided  cone  drying 
sheds  while  awaiting  processing,  often  for 
several  weeks  and  sometimes  months.  Green 
cones  tend  to  mold  during  storage,  especially 
if  stored  without  surface  drying.  Adequate  air 
circulation  is  needed  around  each  sack  to  min- 

imize heating  and  mold  buildup.  This  covered 
storage  serves  as  a  preliminary  curing  process. 
An  additional,  or  sometimes  alternate,  proce- 

rSmrn 

■0 

Figure  3. — Tsuga  mcrtensiana,  mountain  hemlock:  lon- 
gitudinal section  through  a  seed,  12  x . 

dure  is  to  predry  cones  for  up  to  36  hours  in 
a  heated  room  before  actually  placing  them  in  a 

drying  kiln.  This  avoids  exposing  near-saturated 
seed  to  high  kiln  temperatures,  a  procedure  that 
damages  some  conifer  seeds.  It  also  reduces  kiln 
time  and  cost. 

There  are  few  problems  in  extracting  seeds 
from  Tsuga  cones.  Kiln  drying  temperatures 

range  from  87°  to  110°  F.,  with  drying  time 
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Table  3. — Tsuga:  height,  seed-bearing  age,  seed  crop  frequency,  and  cone  ripeness  criteria 

Species 

Height 
at 

maturity 

Year  of 
first 

culti- vation 

Seed-bearing  age Interval  between 
large  seed  crops 

Cone  ripeness  criteria 

Minimum     Data  source    Time    DaU  source 

Preripe 

color 

Ripe 

color 

Data 

source 

T.  cavadensis 

Feet 

60-160 

T.  caroliniana         40-70 
T.  heterophylla     60-250 

T.  inerteyisiana     25-150 

1736 

1881 
1851 

1854 

Years 
Years 

20-30      SI,  75           2-3     28,39,75     Yellow  green  Purple  brown         75 
15      53                                               Green          Tan  to  brown     53 

__„                Purple       --  Light  brown           55, 59 
20-30      26,  65,  7h     2-8     26, 35,  61     Green  with  Brown  with  red-   35 

purple  tips.  brown  tips. 
20-30       26,33,65     1-5     26,27,33              Brown      5^ 

      Yellow  green     33 
to  purple. 

about  48  hours  {19,  U,  75,  80).  In  the  west, 
few  Tsuga  cones  are  processed,  and  kiln  sched- 

ules generally  follow  those  for  Douglas-fir  and 
pine.  According  to  Baldwin  (7),  mature  Tsuga 
cones  need  little  artificial  heat  to  open.  T. 
canadensis  cones  that  are  picked  green  and  are 
difficult  to  open  usually  can  be  opened  by  ex- 

posure to  repeated  cycles  of  moistening  followed 
by  drying  at  100°  F.  T.  canadensis  cones  col- 

lected just  as  they  turn  tan  will  open  readily 
on  drying  (53).  Mold-infested  cones  often  are 
difficult  to  open  and  extract  the  seeds.  Increas- 

ing demand  for  hemlock  seeds  may  lead  to 
development  of  more  specific  processing  meth- 

ods, perhaps  including  lower  kiln  temperatures. 
Seeds  are  extracted  by  tumbling  or  shaking 

the  cones  during  or  immediately  after  kiln  dry- 
ing. On  the  tree,  T.  heterophijlla  cones  open  and 

close  readily  in  response  to  changing  moisture 
conditions  but  require  many  flexings  of  cone 
scales  before  all  seeds  are  dislodged  (35).  With 
kiln  drying  and  tumbling  or  shaking,  a  single 
opening  of  the  cone  scales  appears  sufficient 
for  good  seed  extraction.  Seeds  then  are  de- 
winged  and  wing  parts  and  foreign  matter  re- 

moved in  a  fanning  mill  or  gravity  separator. 
Unlike  Abies,  Pseudotsuga,  and  some  Pinus, 
the  entire  wing  of  Tsuga  can  be  detached  and 
removed  without  serious  damage  to  the  seed 
(3).  Minimum  standards  of  90-percent  purity 
and  60-percent  viability  have  been  established 
for  T.  heterophyUa  (81).  The  low  viability  often 
reported  for  T.  eanadoisis  may  be  due  to  the 
difficulty  of  separating  out  the  poor  seed  (53). 
Care  should  be  taken  during  processing  to 
minimize  seed  mortality  that  can  result  from 
bruising  or  cracking  the  seedcoat. 

For  T.  canadensis,  one  bushel  of  cones  weighs 
about  34  pounds  (25)  and  yields  1.4  to  1.5 
pounds  of  seed  with  a  moisture  content  of  7.1 
percent  (38,  68).  Seed  yield  per  100  pounds  of 
cones  is  3  to  6  pounds  (10,  75). 

For  T.  heterophylla,  there  were  20,000  cones 

in  one  bushel  (44)  and  one  pound  of  seed  was 
extracted  from  one  bushed  of  cones  (68). 

Several  years  can  elapse  between  large  Tsuga 
seed  crops,  so  annual  seeding  and  planting  pro- 

grams are  dependent  on  successful  seed  stor- 
age (table  4).  T.  heterophylla  keeps  best  below 

freezing,  and  general  practice  is  to  store  it  at 
0°  F.  Barton  (8)  showed  that  viability  was 
maintained  better  at  this  temperature  than  at 
12°  or  25°  F.,  with  distinct  differences  show- 

ing up  after  only  2  years  of  storage.  Mainte- 
nance of  viability  can  be  expected  for  at  least 

5  years,  and  this  generally  bridges  the  gap 
between  large  seed  crops.  T.  mertensiana  also 
is  stored  at  0°  F.,  but  data  are  not  available  on 
whether  this  temperature  is  optimum.  T.  can- 

adensis seeds  are  stored  both  above  and  below 
freezing.  They  have  been  kept  for  2-4  years  in 
jars  or  plastic  bags  in  a  refrigerator  maintained 
a  few  degrees  above  freezing,  but  retention  of 
viability  varied  between  seed  lots  (53).  Moisture 
content  of  Tsuga  seeds  in  storage  should  be 
maintained  between  6  and  9  percent.  In  longev- 

ity tests  of  seed  lots  stored  at  41°  F.  and  6-10 
percent  moisture  content,  a  seed  lot  of  T.  hetero- 

phyUa had  a  germinative  capacity  of  13  percent 
after  15-16  years,  and  one  of  T.  mertensiana 
had  0-2  percent  after  11-20  years  (63).  A  study 
with  T.  heterophylla  (45)  demonstrated  that 
temperatures  and  humidities  generally  expe- 

rienced between  removal  of  seeds  from  storage 

Table  4. — Tsuga:  seed  storage  conditions 

Seed 
Temper- 

Viable Data 

Species moisture ature 

period 

source 

Perecnt 

°F. 

Years 

T.  cayiadensis 41 4 

75 

6-8 33-38 
26 

US 

17 
T.  heterophylla 

7-9 
0  and  32 5-7 1 

6-8 
33-38 

US 

8 0 

5  + 

10 

8 0 

3  + 

9 

70 

2-3 

75 
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Species 

T.  canadensis.   . 
T.  caroliniana 
T.  heterophylla 
T.  mertensiana^ 

Table  5. — Tsuga:  cleaned  seeds  per  pound 

Range Average 
Samples 

Number 

124,000-360,000 
75,600-  96,500 

189,000-508,000 
60,000-208,000 

Niiniber 
187,000 

260,000 
114,060 

Number 
69 

2  + 

106 
6 

Data  source 

38,58,  69,  71,  75 
36,  71 

H,58,  68,  75 

75 

Table  6. — Tsuga:  stratification  treatments 

Species 
Medium Temperature Time Data  source 

T.  canadensis            Moist  sand  or  peat 
T.  caroliniana  .          ..    Peatmoss 
T.  heterophylla             Moist  sand 

Plastic  bag^      
T.  merfensiana              Moist  sand           

^  Seeds  presoaked  in  tap  water  for  24-36  hours. 

°F. 

Days 

33-41 
30-120 

53,  75,  76 
37-41 30-90 36,71 
34-41 21-90 

If,  19,  21,  75,80 
33-35 21-56 

U,  79,  83 
41 90 2 

and  seeding  operations  or  testing  procedures 
do  not  appreciably  reduce  viability.  For  ex- 

ample, there  was  good  viability  retention  of 

seeds  removed  from  storage  and  stored  at  68° 
F.  and  30-percent  relative  humidity  for  as  much 
as  11  weeks. 

T.  carolininna  has  the  largest  seeds  of  the 
native  hemlocks,  followed  by  T.  mertensiana 
and  T.  canadensis  with  T.  heterophylla  having 
the  smallest   (table  5  and  fig.  2). 
Pregermination  treatments. — Dormancy  is 

variable  in  Tsuga,  with  some  seed  lots  requiring 
pregermination  treatment  and  others  germi- 

nating satisfactorily  without  treatment  (6,  12, 
53).  Cold  stratification  of  mature  seeds  shortens 
incubation  time  and  may  substantially  increase 
germinative  energy.  Therefore,  except  for  seeds 
known  to  be  nondormant,  cold  stratification  is 
recommended  prior  to  testing  (table  6). 

Stratification  clearly  accelerates  and  improves 
total  germination  of  T.  canadensis  (5,  6,  6i). 
On  the  other  hand,  too  long  a  treatment  may 
cause  germination  to  begin  while  seeds  are  still 
in  stratification  with  subsequent  problems  of 
drying  out  and  mechanical  damage  during 
handling.  For  T.  canadensis  seeds  that  have 
not  been  stratified,  germination  is  improved  by 
exposing  seeds  to  8-  to  12-hour  photoperiods 

at  a  temperature  of  about  70"  F.  alternating 
with  dark  periods  at  about  55'   F.  (53). 

Seeds  of  T.  heternphylla  stratified  for  3  weeks 

at  33"  F.  germinated  faster  than  untreated  seed. 
Longer  stratification  periods  caused  additional 
but  smaller  increases  in  the  rate  of  germina- 

tion {12,  16).  Experiments  in  Great  Britain 
showed  slightly  increased  rates  of  germination 

following  stratification  when  seeds  were  ex- 
posed to  light  but  none  when  they  were  ger- 

minated in  darkness  {Ut).  In  none  of  the 
experiments,  however,  did  stratification  appre- 

ciably aff'ect  total  germination.  Stratification  of 
western  hemlock  seeds  apparently  has  its  main 
effect  on  germinative  energy  and  only  minor 
effect  on  germinative  capacity.  Immature  T. 
heterophylla  seeds  tend  to  lose  germinative 
capacity  as  a  result  of  stratification  {2). 

Germination  tests. — The  Association  of  Oflfi- 
cial  Seed  Analysts  (3)  has  prescribed  standard 
test  conditions  for  T.  canadensis  and  T.  hetero- 
phnlla  (table  7).  Eastern  hemlock  seeds  should 

be  prechilled  for  28  days  at  37°-41°  F.  followed 
by  28  days  in  a  germinator  at  60  '  F.  Stratifica- 

tion is  not  required  as  part  of  the  standard 
germination  test  procedure  for  T.  heterophylla, 
even  though  it  is  a  common  practice  prior  to 
nursery  sowing.  The  rules  call  for  placing  west- 

ern hemlock  seeds  directly  in  germinators  at 
68  F.  for  28  days.  Seeds  of  both  species  should 
be  exposed  to  light  for  at  least  8  hours  daily 
during  this  period. 

Incubation  temperature 
seeds  affects  germinative 
total  germination  occurred 

perature  of  68"  F.  than  under  lower,  higher,  or 
alternating  temperatures  {12,  H,  16).  When 
alternating  temperatures  are  used,  keeping 
seeds  in  the  dark  improves  germination  {H). 
The  tetrazolium  staining  technique  for  estimat- 

ing seed  viability  may  be  used  on  T.  hetero- 
phjflla,  but  results  may  tend  to  underestimate 
seed  quality  {13). 

The    rules    published    by    the    International 

of    T.    heterophidla 
capacity.    Greater 
at  a  constant  tem- 
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Table  7. — Tsuga:  stratification  periods,  germination  test  conditions,  and  results 

Species 

Cold 

strati- fication 

period ' 

Daily 

light 

period 

Germination  test 

conditions  - Temperature 

Day 

Night 
Dura- 

tion 

Germinative 

energy 

Amount   Period Germi- 
native 

capacity 

asioyqS 

Samples 
^)ata 
source 

Days        Hours 

°F. 

"F. 

Days 
Percent 

Days 
Percent Number\y':^',<;  ■<3v>!i  .1 

T.  canadensis   60-120 
0-30 

86 
72 

68 
72 

60 10-55 
6-62 

15-30 
28 

38 
10-66 

15 

75        >'«  •'T 

9-12 

38 
21-30             8  + 60 

60 

28 

3,40 T.  caroliniana   0             8-f 86 68 

28 

40-80 9 36 
21-30             8  + 86 68 28 .... 51-57 3 36 
0-120           16 72 72 34 

■  ̂ T  -...,9 
a.iSAO: 

82-91 
5 

75 

T.  heterophylla... 0             84- 68 

68 
28-35 49 21 

53 

146 

3,1U,U0,72. 0-90        ...... 60 

52 30 

38 20-30 56 25 

75            ~~ 

T.  mertensiana .... 0-90 86 68 25-30 62-75 
16-20 

47 

4 

75 

90 86 
68 

60 61 

16 62 1 

70 '  Temperatures were  37°  to  41°  F. 

.-.:....  _..; 
-  ■<: j.isi'uj'.no  .T 

'  Moisture-holdi ng  media  were  either blotters kimpac, 
sand,  or  peat. 

■ii,on:  .'ijs  1       micnntJicnDO  .1 
b^s^  .^sioM   _  .  ..  . ni\Ms\ctotsS%.rt  .T -  ;  ,  -    . . - 

'.J-.. 

ij'-'  -  ■ 

.-.' 

•Sn6  ohar.l'^ (ii; 

li- 

bti^.^  tai )M 
>^'.(5'>V?.!CftV^'^t'<   .'? 

Seed  Testing  Association  (40)  and  used  for 
seeds  to  be  exported  are  similar  to  domestic 
rules  except  the  germination  test  period  for 
western  hemlock  is  extended  to  35  days.  Fewer 
germination  tests  have  been  made  on  mountain 
and  Carolina  hemlock,  and  standard  procedures 
have  not  been  developed.  In  general,  test  con- 

ditions follow  those  for  the  associated  western 
or  eastern  hemlock. 

Observations  of  T.  canadensis  (53)  illustrate 
ontogeny  of  seed  germination,  which  is  epigeal 

■:/Rb  8S  vd 

on  p-l  no  it 

orJBni.cn'J9'^; 
J) //{lii'Offj  neve 

;^  .'ii^J  oj  b9;-.o{:x9  sd 

^■Ti.Ft      8b39-< 

Icm.   ■,•9,;-  ■lif'Si'ini?,  iin}\uXiS'irji  odT 

Figure  4. — Tsuga  canadensis,  eastern  hemlock :  seedling 
development  at  2,  4,  and  7  days  after  germination. 

(fig.  4).  The  first  indicator  of  a  viable  seed  is 
splitting  of  the  seedcoat  for  one-half  to  two- 
thirds  of  its  length,  followed  by  the  appearance 
of  the  pointed,  bright-red  root  tip.  The  root 
grows  at  the  rate  of  2-3  mm.  per  day,  curving 
abruptly  after  emergence.  After  a  few  days, 
the  stem  portion  of  the  hypocotyl  also  begins  to 
grow,  reaching  2-3  cm.  in  length  in  1  to  3 
weeks.  Normally,  there  is  a  pause  in  develop- 

ment after  the  cotyledons  open  which  may 
arbitrarily  be  considered  the  end  of  germination. 

Nursery  practice. — Hemlock  seedlings  are  dif- 
ficult to  grow  in  the  nursery.  They  are  easily 

damaged  in  the  hot  sun,  and  their  small  size 
the  first  year  makes  them  particularly  suscep- 

tible to  frost  heaving.  Because  of  these  diffi- 
culties and  because  demand  for  hemlock  seed- 

lings has  been  low.  nursery  practice  is  not  fully 

developed.  Natural  regeneration  of  T.  hetero-- 
phylla  usually  has  been  adequate,  and  a  com- 

mon procedure  for  mixed  stands  is  to  plant 
or  seed  associated  species  and  expect  hemlock 
to  come  in  on  its  own,  which  it  usually  does. 
Recently,  however,  with  increasing  intensity  of 
management,  demand  for  western  hemlock 
seedlings  has  increased,  and  production  pro- 

cedures are  being  developed  atrS^Merftlinurseri^i^ 

(19,  21,  2h,  hi,  80,  83).  rr   uov•'i^'^f^\{^^^i''  f'l At  some  nurseries  (2Jt,  83)  T.  heierophylla 
seeds  are  soaked  for  24  to  36  hours  prior  to 
stratification.  Germination  rate  was  increased 
by  presoaking  seeds  in  tap-water  for  33  hours 
at  room  temperature  (12).  Prolonged  soaking 
for  96  to  120  hours,  however,- red u^ecj;  the  gerr 
mination  rate  (16).    nU>.'(U-:o-<3i^,i\  .V  'to  ̂ I  ̂^0?-. 

Most  nurserymen  stratify  western  hemlock 
seeds  and  sow  them  in  the  spring.  Seeds  are 
moistened,  excess  water  drained  ofi",  then  the 
seeds  are  stratified  at  33^-35°  F.  from  21  to 
42  days.  No  stratification  medium  is  used.  Seed 
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moisture  content  for  optimum  germination 
should  be  about  60  percent  (20).  Soil  moisture 
content  should  be  high  but  with  drainage  ad- 

equate to  keep  the  ground  water  level  below 
the  rooting  zone.  Seedbeds  may  need  screening 
to  protect  seeds  from  birds  and  rodents. 

At  one  nursery  (24),  seeds  are  sown  on  the 
surface  and  covered  with  burlap  which  is 
sprinkled  as  needed  to  maintain  moisture.  After 
germination  and  penetration  of  the  radicle  into 
the  soil,  the  burlap  is  removed  and  seedlings 
are  mulched  with  peat  moss.  Additional  peat 
moss  is  added  during  the  growing  season.  Seed- 

lings go  into  the  winter  with  a  V_>-  to  -Vi-inch 
mulch  to  minimize  frost  heaving.  Approxi- 

mately 50-percent  shade  is  provicled  the  first 
season. 

For  nursery  production  of  T.  canadensis  seed- 
lings, spring  sowing  of  stratified  seed  is  pre- 
ferred over  fall  sowing  (38,  53).  Good  T.  can- 
adensis seeds  planted  under  favorable  conditions 

usually  survive  superficial  contamination  with 
mold,  and  use  of  fungicides  is  not  recommended 
unless  serious  contamination  is  present.  Nurs- 

ery seedlings  are  very  subject  to  damping-off 
by  Rhizoctonia  during  the  first  few  months 
after  germination,  and  this  can  be  aggravated 
by  overfertilization.  It  can  be  prevented  and 
weed  seeds  killed  by  pretreatment  of  the  beds 
with  formaldehyde.  Damping-off  occurring 
after  germination  can  be  controlled  with 
8-hydroxyquinoline  sulfate  (53).  One  nursery 
growing  T.  heterophyUa  treats  seedbeds  when 
necessary  with  Captan  or  Thiram  and  has  not 
had  a  serious  problem  with  damping-off  dis- 

eases. They  also  have  treated  hemlock  seedlings 
with  the  animal  repellant,  TMTD  (tetramethyl- 
thiuram  disulfide),  for  protection  from  damage 
after  outplanting  (24). 

In  nursery  experiments  in  Britain,  partial 
soil  sterilization  with  formalin  drench  or 
chloropicrin  injection  improved  growth  of  T. 
heteroph]/Ua.  Moderate  to  large  height  increases 
were  obtained  with  either  treatment.  Both 
sterilants  used  together  often  gave  even  better 
growth  response,  although  treatment  effects 
were  not  additive  (11). 

Only  a  few  reports  are  available  on  nutrient 
requirements  of  Tsnga.  T.  heterophylla  in 
British  Columbia  requires  a  well-drained  acid 
soil  with  pH  about  4  to  5  and  an  organic  matter 
content  of  5  to  6  percent  (20).  In  Washington, 
it  grows  well  at  pH  5.3  to  5.4  with  at  least  15 
percent  soil  organic  matter  (24).  In  Britain,  T. 
heterophvlla  made  maximum  growth  on  acid 
soil  at  about  pH  4.5  and  responded  favorably 
to  fertilization  with  nitrogen,  phosphorus,  and 
potassium.  It  showed  a  definite  tip  burn  when 
suffering    a    copper    deficiency,    but    seedlings 

recovered  when  sprayed  with  Bordeaux  mix- 
ture. Water  deficits  during  a  dry  summer  ap- 

parently prevent  response  to  nitrogen  fertiliza- 
tion (11),  but  on  the  other  hand,  late  summer 

watering  can  delay  hardening-off  and  may  in- 
crease the  risk  of  frost  damage  (53). 

Seedlings  are  small  at  the  end  of  the  first 
growing  season  in  the  nursery  and  usually  are 
held  over  and  lifted  after  the  second  or  third 
season.  Seedlings  frequently  are  transplanted 
for  1  year  and  outplanted  as  2+1  or  3+1 
planting  stock   (21,  53,  SO). 

Desired  seedling  densities  range  from  30  to 
50  seedlings  per  square  foot  and  tree  percent- 

ages run  from  15  to  50  (19,  21,  2h,  41,  80,  83). 
Experience  in  Great  Britain  indicates  a  large 
proportion  of  losses  in  the  nursery  occur  before 
seedling  emergence.  A  high  variability  in  tree 
percent  requires  large  safety  factors  in  nursery 
sowings  resulting  in  an  occasional  surplus  of 
seedlings  (14). 

Literature  and  Other  Data 
Sources  Cited 

(1)   Allen,  G.  S. 
1957.  Storage  behavior  of  conifer  seeds  in 

.sealed  containers  held  at  0°  F.,  32°  F.,  and 
room  temperature.  J.  For.  55:  278-281. 

(2)   — 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

1958.  Factors  affecting'  the  viability  and  g'er- 
mination  behavior  of  coniferous  seed.  Pt.  1. 
Cone  and  seed  maturity,  Tsuga  hetero- 

phylla (Rafn)  Sarg-.  For.  Chron.  34:  266- 
274. 

Association  of  Official  Seed  Analysts. 
1965.    Rules    for    testing    seeds.    Proc.    Assoc. 

Off.  Seed  Anal.  54(2)  :  1-112. 
Babb,  M.  F. 

1959.  Propagation  of  woody  plants  by  seed. 

Alaska  Agric.  Exp.  Stn.,"Bull.  26,  11  p. Baldwin,  Henry  I. 

1930.  The  eft'ect  of  after-ripening  treatment 
on  the  germination  of  eastern  hemlock  seed. 
J.  For.  28:  853-857. 

1934.  Further  notes  on  the  germination  of 
hemlock  seed.  J.  For.  32  :  99-100. 

1942.  Forest  tree  seed  of  the  north  temperate 
regions.     240     p.     Chronica     Botanica     Co., 
Waltham,  Mass. 

Barton,  Lela  V. 
1954.  Effect  of  subfreezing  temperatures  on 

viability  of  conifer  seeds  in  storage.  Con- 
trib.  Boyce  Thompson  Inst.  18:  21-24. 

1954.  Storage  and  packeting  of  seeds  of 
Douglas  fir  and  western  hemlock.  Contrib. 

Boyce  Thompson  Inst.  18:  25-37. 

1961.  Seed  preservation  and  longevity.  216  p. 
Interscience  Publishers,  Inc.,  New  York. 

Benzian,  Blanche. 
1965.    Experiments   on   nutrition   problems   in 

forest  nurseries.  Vol.  1.  HMSO  For.  Comm. 
Bull.  37,  251  p.  London. 

825 



TSUGA 

(12) 

(13) 

(14) 

(15) 

(16) 

(17) 

(18) 

(19) 

(20) 

(21)   - 

Bientjes,  Willeni. 
1954.  The  effects  of  temperature,  seed  mois- 

ture, and  stratification  on  the  germination 
behavior   of   western    hemlock    seed.    Univ. 
B.  C.  Forest  Club.  Res.  Note  11,  7  p. 

Buszewicz,  G.,  and  Holmes,  G.  D. 
1957.  Seven  years  seed  testing  experience  with 

the   tetrazolium    viability    test    for    conifer 
species.    Rep.    For.    Res.    Comm.    (London) 
1957:  142-151. 
and  Holmes,  G.  D. 

1961.    A   summary   of  ten   years   seed   testing 
experience    with    western    hemlock,    Tsuga 
heterophi/lla.  Rep.  For.   Res.  Comm.   (Lon- 

don) 1959-60:  110-119. 
Campo-Duplan,  Van,  and  Gaussen,  H. 

1948.  Sur  quatre  hybrides  de  genres  chez  les 
Abietinees.  Trav.  Lab.  For.  Toulouse,  tome 
1,  vol.  IV,  art.  24,  14  p. 

Ching,  Te  May. 
1958.  Some  experiments  on  the  optimum  ger- 

mination   conditions    for    western    hemlock 
(Tsuga    heterophylla    Sarg.).    J.    For.    56: 
277-279. 

Connecticut  Park  and  Forestry  Commission. 
Data  filed   1959.  Voluntown  Nursery,  Volun- 

town.  Conn. 

Dallimore,  W.,  and  Jackson,  A.  Bruce. 
1957.  A   handbook  of  Coniferae  and   Ginkgo- 

aceae.  Ed.  4,  rev.  by  S.  G.  Harrison,  729  p. 

St.  Martin's  Press,  New  York. 
Deffenbacher,  Forrest  W. 

Correspondence.  Aug.  12,  1969.  USDA  Forest 
Serv.,  Wind  River  Nursery,  Carson,  Wash. 

Devitt,  Bruce. 
1969.  Nursery  procedures  and  problems  in 
growing  western  hemlock  planting  stock. 
8th  Annu.  Reforestation  Board  Workshop, 
Tree  Farm  For.  Comm.   (B.C.),  Proc,  5  p. 

—  and  Long,  Jack. 
Correspondence,  Sept.  18,  1969.  B.  C.  Forest 

Serv.  Reforestation  Div.,  Victoria,  B.C., 
Can. 

(22)  Duffield,  John  W. 

1950.  Review  of  "Sur  quatre  hybrides  de 
genres  chez  les  Abietinees."  [On  four  inter- 
genus  hybrids  in  the  Abietineae.]  by  Mme. 
Van  Canipo-Duplan  and  H.  Gaussen.  J.  For. 
48(6):  440. 

(23)  Ebell,  L.  F.,  and  Schmidt,  R.  L. 
1963.  The  influence  of  meteorological  factors 

upon  dispersal  of  conifer  pollen  on  Van- 
couver, Island,  British  Columbia.  B.  C.  For- 

est Serv.  Tech.  Publ.  54,  28  p. 
(24)  Eide,  Rex. 

Correspondence,  Aug.  13,  1969.  Ind.  For. 
Assoc,  Canby  Forest  Nursery,  Canby,  Oreg. 

(25)  Eliason,  E.  J. 
1942.  Data  from  cone  collections  of  various 

species  in  New  York.  Notes  on  Forest  Inv. 
no.  39.  1  p. 

(26)  Fowells,  H.  A.  (ed.) 
1965.  Silvics  of  forest  trees  of  the  United 

States.  U.S.  Dep.  Agric,  Agric.  Handb. 
271,  762  p. 

(27)  Franklin,  Jerry  F. 
1968.  Cone  production  by  upper-slope  conifers. 

USDA  Forest  Serv."  Res.  Pap.  PNW-60, 21  p. 

(28)  Frothingham,  E.  H. 
1915.  The  eastern  hemlock.  U.S.  Dep.  Agric. 

Bull.  152,  43  p. 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

Garman,  E.  H. 

1951.    Seed    production    by    conifers    in    the 
coastal  region  of  British  Columbia  related 
to    dissemination    and    regeneration.    B.    C. 
Forest  Serv.  Tech.  Publ.  T35,  47  p. 

Gashwiler,  Jay  S. 

1969.    Seed    fall    of    three    conifers    in   west- 
central  Oreg.  Forest  Sci.  15:  290-295. 

Godman,  R.  M. 
1953.    Seed    dispersal    in    southeast    Alaska. 

USDA    Forest    Serv.,    Alaska    Forest    Res. 
Center  Tech.  Note  16,  2  p. 

Green,  Charlotte  Hilton. 
1939.  Trees  of  the  South.  551  p.  Univ.  N.C. 

Press,  Chapel  Hill. 
Harlow,  William  M.,  and  Harrar,  Ellwood  S. 

1968.  Textbook  of  dendrology.  Ed.  5,  512  p. 
McGraw-Hill  Book  Co.,  New  York. 

Harris,  A.  S. 

1967.  Natural  reforestation  on  a  mile-square 
clearcut  in  southeast  Alaska.  USDA  Forest 

Serv.  Res.  Pap.  PNW-52,  16  p. 

1969.  Ripening  and  dispersal  of  a  bumper 
western  hemlock-Sitka  spruce  seed  crop  in 
southeast  Alaska.  USDA  Forest  Serv.  Res. 
Note  PNW-105,  11  p. 

Heit,  C.  E. 
Observation  recorded  1968.   New  York  State 

Agric.  Exp.  Stn.,  Geneva,  N.Y. 
Heusser,  Calvin  J. 

1954.    Alpine    fir    at    Taku    Glacier,    Alaska, 
with  notes  on  its  post-glacial  migration  to 
the   territory.   Bull.   Torrev   Bot.   Club   81: 
83-86. 

Hill,  Joseph. 

Correspondence,     1969.     Pennsylvania     Dept. 
Forests  &  Waters,  Mont  Alto  State  Forest 
Nursery,  Mont  Alto,  Pa. 

Hough,  Romeyn  Beck. 
1947.  Handbook  of  trees  of  the  northern  states 

and  Canada  east  of  the  Rocky  Mountains. 
470  p.  Macmillan  Co.,  New  York. 

International  Seed  Testing  Association. 
1966.    International    rules    for    seed    testing. 

Proc.  Int.  Seed  Test.  Assoc.  31(1):   1-152. 
Isaacson,  John  A. 

Correspondence,  Aug.  15,  1969.  USDA  Forest 
Serv.,      Coeur     d'Alene      Nursery,      Coeur d'Alene,  Idaho. 

James,  G.  A. 
1959.  Seed  production  in  a  scrub  stand.  USDA 

Forest    Serv.,    Alaska    Forest   Res.    Center 
Tech.  Note  43,  3  p. 

Jones,  LeRoy. 

1962.  Recommendations  for  successful  storage 
of  tree  seed.  Tree  Plant.   Notes  no.  55,  p. 
9-20. 

Kummel,  Julius  F.,  Rindt,  Charles  A.,  and  Mun- 
ger,  Thornton  T. 

1944.   Forest  planting  in  the  Douglas-fir  re- 
gion.   USDA    Forest    Serv.    North    Pacific 

Reg.,  154  p. 
Lavender,  Denis  P. 

1956.  Western  hemlock  seed  germination  after 

exposure  to  varying  temperatures  and  hu- 
midities. Oreg.  State  Board  For.  Res.  Note 

26,  4  p. 

Leiberg,  John  B. 
1900.  The  Bitterroot  Forest  Reserve.  U.S. 

Geol.  Surv.  20th  Annu.  Rep.  1898-1899,  Pt. 
5,  Forest  Reserves,  p.  317-410. 

826 



TSIJGA 

(47) 

(48) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

(56) 

(57) 

(58) 

(59) 

(60) 

(61) 

(62) 

(63) 

Lines,  R.,  and  Aldhous,  J.  R. 
1962.  Provenance  studies.  For.  Comm.  (Lon- 

don) Rep.  For.  Res.  for  tlie  year  ended 
March  1961:  37-41. 

  and  Aldhous,  J.  R. 
1963.  Provenance.  For.  Comm.  (London)  Rep. 

For.  Res.  for  the  year  ended  March  1962 : 
32-36. 

-and  Mitchell,  A.  F. 
1969.  Provenance.  For.  Comm.  (London)  Rep. 

For.  Res.  for  the  year  ended  March  1969: 
42-49. 

Litile,  Elbert  L.,  Jr. 
1953.    Check    list    of    native    and    naturalized 

trees     of     the     United     States     (including 
Alaska).    U.S.    Dep.   Agric.   Agric.    Handb. 
41,  472  p. 

Merrill,  Perry  H.,  and  Hawley,  Ralph  C. 
1924.    Hemlock:    its   place   in  the   silviculture 

of  the  southern  New  England  forest.  Yale 
Univ.  Sch.  For.  Bull.  12,  68  p. 

Nienstaedt,  Hans. 
1958.  Height  growth  is  indicative  of  the  rela- 

tive frost  resistance  of  hemlock  seed 
sources.  USD  A  Forest  Serv.,  Lake  States 
Forest  Exp.  Stn.  Tech.  Note  525,  2  p. 

Olson,  Jerry   S.,   Stearns,   Forest  W.,   and    Nien- 
staedt, Hans. 

1959.  Eastern  hemlock  seeds  and  seedlings: 
response  to  photoperiod  and  temperature. 
Conn.  Agric.  Exp.  Stn.  Bull.  620,  70  p. 

Ouden,  P.  Den,  and  Boom,  B.  K. 
1965.  Manual  of  cultivated  conifers  hardy  in 

the  cold-  and  warm-temperate  zones.  526  p. 
Martinus  Nijhoff :  The  Hague. 

Piesch,  R.  F. 
1971.     Western    hemlock    tree    improvement. 

Can.    For.    Serv.    Proc.    12th    Meet.    Comm. 

Forest   Tree    Breeding   Can.    1970,   p     157- 
158. 

  and  Phelps,  V.  H. 
1970.  Certification  of  source-identified  British 
Columbia  tree  seed  under  the  O.E.C.D. 
scheme.  Can.  For.  Serv.  Forest  Res.  Lab. 

Inf.  Rep.  BC-X-49,  8  p. 
Radford,  A.  E.,  Ahles,  H.  E.,  and  Bell,  C.  R. 

1964.  Guide  to  the  vascular  flora  of  the  Caro- 
linas.    383    p.    The    Book    Exchange,    Univ. 
North  Carolina,  Chapel  Hill. 

Rafn,  Johannes. 
1915.   The   testing  of  forest   seeds   during   25 

years,    1887-1912.    91    p.    Langkjaers    Bog- 
trykkeri,  Copenhagen. 

Rehder,  Alfred. 
1940.  Manual  of  cultivated  trees  and  shrubs 

hardy  in  North  America.  996  p.  The  Mac- 
millan  Co.,  New  York. 

1949.    Bibliography    of    cultivated    trees    and 
shrubs   hardy    in    the   cooler   temperate   re- 

gions  of   the   northern   hemisphere.    825   p. 
Harvard  Univ.  Press,  Cambridge. 

Ruth,  Robert  H.,  and  Berntsen,  Carl  M. 
1955.    A    4-year   record   of    Sitka    spruce    and 

western    hemlock    seed    fall.    USDA    Forest 
Serv.,    Pac.    Northwest    Forest    and    Range 
Exp.  Stn.  Res.  Pap.  12,  13  p. 

Sargent,  Charles  Sprague. 
1933.  Manual  of  the  trees  of  North  America. 

910  p.  Houghton  Mifflin  Co.,  Boston. 
Schubert,  G.  H. 

1954.    Viability    of    various    coniferous    seeds 
after  cold  storage.  J.  For.  52:  446-447. 

(64) 

(65) 

(66) 

( 67 ) 

(68) 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

(75) 

(76) 

(77) 

(78) 

(79) 

(80) 

(81) 

(82) 

( 83 ) 

Stearns,  Forest,  and  Olson,  Jerry. 

1958.    Interactions    of    photoperiod    and    tem- 
perature    affecting     seed     germination     in 

Tsuga  canadensis.  Am.  J.  Bot.  45:   53-58. 
Sudworth,  George  B. 

1908.  Forest  trees  of  the  Pacific  Slope.  441  p. 
USDA    Forest    Serv.    U.S.    Gov.    Printing 
Office,  Wash.,  D.C. 

Swartley,  John  C. 
1945.  Variations  and  uses  of  Canada  hemlock. 

The  Cornell  Plantations  2:  3-6. 

1946.  A  swing  around  the  hemlock  circle.  Am. 
Nurseryman  83(7):   7-10;   83(8):    11-13. 

Toumey,  James  W.,  and  Korstian,  Clarence  F. 
1952.  Seeding  and  planting  in  the  practice  of 

forestry.  Ed.  3.  520  p.  John  Wiley  &  Sons, 
Inc.,  New  York. 

  and  Stevens,  Clark  L. 

1928.  The  testing  of  coniferous  tree  seeds  at 
the    School    of    Forestry,    Yale    University, 
1906-1926.   Yale   Univ.   Sch.   For.   Bull.   21, 46  p. 

USDA  Forest  Service. 
Data  filed  1938.  Pac.  Northwest  Forest  and 

Range  Exp.  Stn.,  Portland,  Oreg. 

Data  filed  1969.  Eastern  Tree  Seed  Lab.,  Ma- 
con, Ga. 

Data   filed    1970.   Pac.   Northwest  Forest  and 
Range    Exp.  Stn.,  Corvallis,  Oreg. 

Data  filed  December  9,  1952. 
Forest  and  Range  Exp. Oreg. 

Pac.  Northwest 
Stn..    Portland, 

Data  filed  [n.d.]  Rocky  Mountain  Forest  and 
Range  Exp.  Stn.,  Fort  Collins,  Colo. 

1948.    Woody-plant    seed    manual.    U.S.    Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

USDA  Soil  Conservation  Service. 
1939.  Seed  propagation  of  trees,  shrubs,  and 

forbs   for  conservation   planting.    SCS-TP- 
27,  198  p.  Charles  F.  Swingle  (compiler). 

Vabre-Durrieu,  A. 

1954.    L'hybride    Tsitga-Picea    hookeriana    et 
ses  Barents:  des  plantules.  Trav.  Lab.  For. 
Toulouse,  Tome  1,  Vol.  5,  Art.  15,  8  p. 

1954.    L'hybride    Tsuga-Picea    hookeriana    et 
ses  parents :  'etude  chromosomique  et  caryo- 
logique.  Trav.  Lab.  For.  Toulouse,  Tome  1, 
Vol.  5,  Art.  17,  4  p. 

Walters,  J.,  Soos,  J.,  and  Haddock,  P.  G. 
1960.  The  selection  of  plus  trees  in  the  Uni- 

versity of  British  Columbia  Research  For- 
est, Hanev,  B.C.  Univ.  B.  C.  Fac.  For.  Res. 

Pap.  33,  12  p. 
Ward,  Homer. 

Correspondence,    Aug.    20,    1969.    Washington 

State  Dep.  Nat.  Res.,  L.  T.  "Mike"  Webster State  Forest  Nursery,  Olympia,  Wash. 
Western  Forest  Tree  Seed  Council. 

1966.  Sampling  and  service  testing  western 
conifer  seeds.  West.  Reforestation  Coord. 
Comm.  West.  For.  and  Conserv.  Assoc, 36  p. 

1966.  Tree  seed  zone  map.  West.  Forest  Tree 
Seed  Counc,  Portland,  Oreg. 

Weyerhaeuser  Company. 
Correspondence,     Sept.      17,     1969.     Tacoma, 

Wash. 

827 



ULEX 

Leguminosae — Legume  family 

ULEX  EUROPAEUS  L.  Common  gorse 

by  Paul  0.  Rudolf  ̂  

Growth  habit,  occurrence,  and  use. — The  com- 
mon gorse  (also  called  furze  and  whin)  is  a 

spiny,  dense,  deciduous  shrub  usually  between 
3  and  7  feet  tall  (5).  Native  to  central  and  west- 

ern Europe,  it  has  been  naturalized  in  the  middle 
Atlantic  States  and  on  Vancouver  Island  (5). 
It  is  one  of  about  20  species  of  Ulex,  all  shrubs, 
native  to  western  Europe  {1).  Several  varieties 
of  common  gorse  are  recognized,  but  none  ap- 

pear to  be  geographic  races.  Common  gorse  has 
long  been  cultivated.  It  is  valuable  for  binding 
the  soil  on  dry  sandy  banks,  and  it  is  also  well 
suited  for  planting  along  the  seaside  and  in 
heaths.  Sometimes  it  is  used  for  low  hedges 
(1,3).  It  also  has  value  for  wildlife  habitat. 

Flowering  and  fruiting. — The  perfect  flowers 
are  solitary,  golden  yellow,  and  bloom  from 
April  to  June  and  sometimes  in  the  fall  (3,  5). 
The  fruits  are  pods  about  V2  to  %  inch  (13  to 
19  mm.)  long  that  turn  brown  when  they  are 
ripe  (1,  3,  5).  They  ripen  irregularly  from  May 
to  July  in  western  Europe,  and  into  September 
in  Russia  {3,  6).  Natural  seed  dispersal  takes 
place  during  the  summer  and  natural  germina- 

tion occurs  the  next  spring  (5). 
Fruit  collection;  seed  extraction  and  storage. 

When  the  pods  begin  to  turn  brownish 
(usually  between  May  and  July),  they  can  be 
picked  from  the  bushes.  The  pods  should  be 
spread  out  in  a  thin  layer  in  a  well-aerated  place 
to  dry,  then  put  in  bags  also  kept  in  a  dry,  well- 
aerated  place.  During  the  winter  the  pods  will 
open  and  release  seeds  in  bags  (5).  The  number 
of  seeds  per  pound  ranges  from  66,000  to  72,000 
and  averages  about  68,000  (20+  samples)  (5, 
i).  The  seeds  can  be  kept  satisfactorily  in  ordi- 

nary dry  storage  for  2  years  {2,  3,  7). 
Pregermination  treatments. — ^Gorse  seeds, 

like  those  of  many  other  legumes,  appear  to 
have  some  seedcoat  dormancy.  Without  pre- 
treatment,  some  hard  seeds  (33  percent  in  10 
tests)  (^)  do  not  germinate  promptly.  Mild 
scarification  or  soaking  in  hot  water  probably 
will  overcome  this  dormancy  satisfactorily. 

Germination  tests. — Seeds  may  be  tested  in 
germinators  or  sand  flats  at  68°  F.  for  30  days 

^  North  Central  Forest  Exp.  Stn. 
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using  400  pretreated  seeds  per  test.  Average 
germination  in  10+  tests  was  about  75  percent 
{3,  If).  Commercial  seed  have  averaged  about  95 
percent  in  purity  and  80  percent  in  soundness 
{2,  J,). 
Nursery  practice. — Gorse  seeds  usually  are 

sown  in  the  spring  after  danger  from  frost  is 
past  {!).  Recommendations  in  Holland  are  to 
sow  the  seed  in  May  in  pots  (three  seeds  per 
pot)  in  cold  frames,  covering  the  seeds  with  14 
inch  of  soil.  Germination  should  be  complete  in 
2  weeks.  During  the  summer  the  pots  should  be 
loosened  regularly,  and  in  the  fall  the  pots 
should  be  set  on  the  ground  to  let  the  young 
plants  harden.  For  planting  in  dunes  or  heaths, 
use  1-year-old  plants  in  pots  set  out  after  dan- 

ger of  spring  frost  is  past,  and  set  the  plants  2 
inches  deeper  than  the  root  collar.  Once  the 
plants  are  established  they  will  seed  naturally 

(5). Direct  seeding  in  the  field  may  be  done  in 
March  or  April,  after  danger  of  spring  frost  is 
past,  using  about  1/2  pound  of  seed  per  acre 
broadcast  sown  (5). 
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ULMUS 

Ulmaceae — Elm  family 

ULMUS  L.  Elm 

by  Kenneth  A.  Brinkman  ^ 

GrowtU  habit,  occurrence,  and  use. — About  20 
species  of  elm  are  native  to  the  Northern  Hemi- 

sphere. None  occur  in  western  North  America 
but  some  are  found  in  northeastern  Mexico. 
Most  elms  are  valuable  for  their  hard,  tough 

North  Central  Forest  Exp.  Stn. 

wood  and  many  have  been  planted  for  environ- 
mental purposes.  The  natural  ranges  and  uses 

of  11  of  the  more  important  species  are  shovim 
in  table  1.  In  recent  years,  many  elms  have  been 
killed  by  the  Dutch  elm  disease,  which  is  caused 
by  the  fungus  Ceratocystis  ulmi,  and  phloem 
necrosis,  which  is  caused  by  the  virus  Morus 

Table  1. — Ulnws:   notnenclature,  occurrence,  mul  ̂ ises;  data  compilers 
Scientific  names  and 

synonyms 
Common  names Occurrence Uses Data  compilers 

for  the  species 

v.  alata  Michx. winged  elm,  cork 
elm,  wahoo. 

11.  nmericnna  L. 

['.  crassifolia  Nutt. 

   American  elm. 
water  elm, 
soft  elm, 
white  elm. 

cedar  elm, 
basket  elm, 
red  elm, 
southern  rock 
elm. 

V.  glabra  Huds.      Scotch  elm, 
U.  scabra  Mill.  Wych  elm. 
U.  montana  With. 
U.  campestris  L.  in 

part. 
II.  japonica  (Rehd.)  Sarg.     Japanese  elm 

U.  campestris  var. 
japonica  Rehd. 

U.  davidiana  var. 
japonica  Nakai. 

v.  laetis  Pall.  Russian  elm, 

U.  pedunculata  Pall.  spreading-  elm, 
U.  effusa  Willd.  European 
v.  racemosa  Borkh.  white  elm. 

(/.  parvi folia  Jacq.  Chinese  elm, 
U.  chi7iensis  Pers.  leatherleaf  elm. 

(J.  pumila  L    Siberian  elm, 
Chinese  elm, 
dwarf  Asiatic 
elm. 

U.  rubra  Muh\.         slippery  elm, 

U.  fulva  Michx.  R'rey  elm,  red 
U.  americana  Marsh.  elm,  soft  elm 
U.piibescens  ^aM.  (lumber). 

v.  serotina  ^arg.      September  elm, 
red  elm. 

JJ.  thomasii  Sarp. 
U.  racemosa  Thomas. rock  elm,  coi-k elm. 

Virginia  to  Missouri,  south  to  Okla- 
homa and  east  Texas,  east  to  cen- 

tral Florida. 

Quebec  to  eastern  Saskatchewan, 
south  to  North  Dakota,  Oklahoma, 
and  Texas,  east  to  central  Florida. 

Southwestern  Tennessee,  Arkansas, 
and  southern  Oklahoma  to  south- 

ern Texas,  Louisiana  and  western 
Mississippi. 

Northern  and  central  Europe  and 
Asia  Minor. 

T,  E-   -     L.  C.  Maisenhelder. 

T,  H,  S  A.  L.  Mignery. 

T    L.  C.  Maisenhelder. 

T,  E 

Japan  and  northeastern  Asia    T,  E. 

P.  O.  Rudolf. 

Do. 

Central  Europe  to  western  Asia 

Northern  and  central  China,  Korea, 
Japan,  and  Formosa. 

Turkestan,  eastern  Siberia,  northern 
China. 

Southwestern  Maine  and  Quebec  to 
eastern  North  Dakota,  south  to 
western  Oklahoma  and  southeast- 

ern Texas  and  east  to  Florida. 

Kentucky  and  southern  Illinois,  south 
to  north  Alabama  and  northwest 
Georgia.  Also  in  Arkansas  and 
eastern  Oklahoma. 

Vermont  to  southern  Ontario,  central 
Minnesota  and  southeastern  South 
Dakota,  south  to  eastern  Kansas, 
east  to  Tennessee  and  New  York. 

T,  H,  E 

H,  E 

H,  S,  E 

Do. 

Do. 

Do. 

T,  H,  S,  E     R.  M.  Godman. 

T,  E 
L.  C.  Maisenhelder. 

T,  H,  S.  E     R.  M.  Godman. 

'T:  timber  production,  H:  habitat  or  food  for  wildlife,  S:  shelterbelt,  E:  environmental  forestry. 
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U.  a  lata 

winged  elm 

I 
>  ̂  

U.  am  erica  na 
American  elm 

-. — Uat; 

U.  parvifolia 
Chinese  elm 

U.  pumila 
Siberian  elm 

U.  rubra 

slippery  elm 

U.  crassi folia 
cedar  elm 

„.-;?%'^*^'"'y 

^^^-^*-ij^.y 

U.   thomasii 
rock  elm 

Figure  1. — Ulnius:  samaras,  4  x. 

tilmi.  Only  Ulmus  japonica,  U.  pumila,  and  U. 
parvifolia  {23)  are  resistant  to  these  diseases. 
Park  and  street  plantings  of  the  other  species 
have  practically  ceased  in  some  areas,  but  elms 
are  still  abundant  in  natural  stands. 

Flowering  and  fruiting. — The  perfect,  rather 
inconspicuous  flowers  usually  are  borne  in  the 
spring  before  the  leaves  appear.  In  a  few  spe- 

cies, the  flowers  appear  in  the  late  summer  or 
early  fall  (table  2).  The  fruit,  a  samara,  ripens 
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Table  2. — Uhnus:  phenology  of  flowering  and  fruiting 

Species Location 
Flowering 

dates 
Fruit  ripening 

dates 
Seed  dispersal 

dates 
Data 
source 

U.  alata   
[/.  americana 

U.  c7-assi folia 
U.  glabra     ____ 
U.  japonica 
U.  laevis 
U.  parvifolia 
V .  pumiia 
U.  rubra 
U.  serotina   
U.  thomasli 

from  south  to  Canada 

Japan   
Massachusetts 
northeastern  United  States 
east  central  United  States 
from  south  to  Canada 

Feb.  to  March 
Feb.  to  May 

Aug.  to  Sept. 
Mar.  to  April 
April  to  May 
April  to  May 
Aug.  to  Sept. 
Mar.  to  April 
Feb.  to  May 

Sept. 
Mar.  to  May 

April         Late  Feb.  to  June 

Sept.  to  Oct. 
May  to  June 
June 

May  to  June 
Sept.  to  Oct. 
April  to  May 

April  to  June 
Nov.     .    _ 
May  to  June 

April 
Mid-March  to 

mid-June. 

Oct. 
May  to  June 

Mav  to  June 

Sept.  to  Oct. April  to  May 

April  to  June 
Nov. 

May  to  June 

Si 

15 

26 

25, 

J,0A8 

25,  33,  J,0,  J,l 

2,  33,  1,9 30,  33,  49 
37 

47 

31,36 

a  few  weeks  later  and  consists  of  a  compressed 
nutlet  surrounded  by  a  membranous  wing  (figs. 
1  and  2).  Dispersal  is  by  wind.  In  most  species, 
good  seed  crops  are  produced  at  2-  or  3-year 
intervals  (table  3). 

Collection  of  fruits. — Elm  seeds  can  be  col- 
lected by  sweeping  them  up  from  the  ground 

soon  after  they  fall,  or  by  beating  or  stripping 
the  seeds  from  the  branches.  The  large  seeds  of 
U.  thomasil  are  greatly  reli.shed  by  rodents  (10), 
however,  and  usually  must  be  picked  from  the 
trees.  Freshly  collected  fruits  should  be  air- 
dried  a  few  clays  before  being  sown  or  stored ; 
excessive  drying  reduces  germination  and  must 
be  avoided. 

Extraction  and  storage  of  seeds. — Although 
the  fruits  can  be  dewinged  by  putting  them  into 
bags  and  beating  with  flails,  this  has  been  found 
to  damage  the  seeds  of  U.  americana  and  U. 
pumila  (8,  12).  Instead,  fruits  usually  are  sown 
or  stored  with  the  wings  attached.  Elm  seeds 
keep  be.st  if  stored  at  low  moisture  content  in 
sealed  containers  (table  4).  The  number  of  seed 
per  pound  varies  widely,  even  within  species 
(tables). 

Pregermination  treatments. — Under  natural 
conditions,  elm  seeds  that  ripen  in  the  spring 
usually  germinate  in  the  same  growing  season ; 
seeds  ripening  in  the  fall  germinate  in  the  fol- 

lowing spring.  Although  seeds  of  most  species 
require  no  presowing  treatment,  practically  all 
the  seeds  in  some  lots  of  U.  americana  remain 
dormant  until  the  second  season  {35).  Seeds  of 
U.  rubra,  especially  from  northern  sources,  also 

may  show  dormancy.  Stratification  at  41"  F. 
for  60  to  90  days  before  spring  sowing  improves 
germination  of  these  species  (45),  and  of  U. 
crassi folia  and  U.  serotina  (27). 
Germination  tests.— Germination  tests  of 

most  species  may  be  made  on  sand  or  peat  in 

germinators  at  alternating  temperatures  of  86" 
(day)  and  68  F.  (night).  Light  recjuirements 
vary  among  species  (table  6).  Germination 
usually  peaks  within  10  days  and  stratified  seed 

r7mm. 

^0 

Figure  2. — Uhnus  alata,  winged  elm:  longitudinal  sec- 
tion through  the  embryo  of  a  samara,  16  X. 

completes   its  germination   in    10   to  30   days. 
Germination  is  epigeal  (fig.  3). 

Nursery  practice. — Seeds  of  elm  species  ripen- 
ing in  the  spring  are  usually  sown  immediately 

after  collection,  while  seeds  of  fall-ripening  spe- 
cies or  of  species  requiring  stratification  are 

usually  planted  the  following  spring  (table  7). 
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Table  3. 

Species 

— Ulmus:   height,  seed-bearing  age,  seed  crop  frequency,  and  fruit  ripeness  criteria 

Height 
at 

maturity 

Year  of  Minimum  Interval 
first  seed-  between 
culti-  bearing  large  seed 
vation                 age  crops 

Fruit  color when  ripe Data 
source 

Feet 

U.  alata^    50 
U.  americana    120 
U.  crassifolia    100 
U.  glabra    130 
U.  japonica    100 
U.  laevis     _._.  100 
U.  parvifolia    80 
U.  pumila    80 
U.  rubra    70 

U.  se7-otina    60 
U.  thomasii    100 

Years  Years 

1820   
1752    15 

Long  cult.  30-40  2-3 
1895  2 

Long  cult.  30-40  2-3 
1794   
1860      8 
1830    15  2-4 
1903   
1875         20  3-4 

Reddish  green        2^ 
Greenish  brown    15,  28 
Green    47 
Yellow  brown    46,  US 
             2 
Yellow  brown    46,  US 

Z"ZZZZZZZIZ'u5 Green    12,  37,  U7 
Light  green  to  brownish    27 
Yellow  or  brownish     10, 12,  36 

Beds  should  be  kept  moist  until  germination  is 
complete ;  shading  is  not  usually  necessary. 
From  5  to  12  percent  of  the  viable  seed  sown 
can  be  expected  to  produce  plantable  stock.  One- 
year-old  seedlings  usually  are  large  enough  for 
field  planting.  To  improve  survival  in  semiarid 
regions,  however,  trees  often  are  transferred 
into  containers  after  a  year  in  the  seedbeds  {13). 

Table  4. — Ulmus:  seed,  storage  conditions 

q  ̂        Storage 
Species  J^^l^^^  Temper- ature 

Viable       Data 
Period     source 

Percent 

U.alata    (') 
U.  americana^  3-4 

(') 
U.  crassifolia  .  O 
U.  glabra    C) 

U.  laevis-   _ .  (') 
U.  parvifolia    .         10-15 
U.  pumila    3-8 
U.  thomasii   Q 

^  Air-dry. 

"F. 

39 25 
40 

39 
34-50 
Room 

32 
36-40 
Cold 

Years 
1 15 

2 
1 

1/2 
1/2 

V2 

22 

5,6 

U5 

22 

3U 

UO 

U5 

16 
16 

Literature  and  Other  Data 
Sources  Cited 

( 1 )  Arisumi,  T.,  and  Harrison,  J.  M. 
1961.  The  germination  of  rock  elm  seeds.  Am. 
Nurseryman  114(7) :  10. 

(2)  Asakawa,  S. 
Correspondence,  June  17,  1969,  and  November 

27,  1969.  Min.  Agric.  and  For.,  Meguro, 
Japan. 

(3)  Association  of  Official  Seed  Analysts. 
1965.  Rules  for  testing  seeds.  Proc.  Assoc. 

Off.  Seed  Anal.  54(2)  :  1-112. 

(4)  Baker,  L.  A. 
Correspondence,  1969.  Oreg.  State  For.  Dep., 

Dwight  L.  Phipps  Forest  Nursery,  Elkton, Oreg. 

(5)  Barton,  L.  V. 
1939.  Storage  of  elm  seeds.  Contrib.  Boyce 
Thompson  Inst.  10(2) :  221-233. 

(6)   

1953.  Seed  storage  and  viability.  Contrib. 

Boyce  Thompson  Inst.  17(2) :  87-103. 

(7)  Benson,  D. 
Data  filed  1965.  USDA  Forest  Serv.,  Eastern 

Tree  Seed  Lab.,  Macon,  Ga. 

Species 

Table  5. — Ulmus:   cleaned  seeds  per  pound  and  other  yield  data 

Place  of 
collection 

Fruits 

per 

bushel 

Seeds 

per  100 

pounds of  fruit 

Cleaned  seeds  per  pound 

Range Average     Samples 

Data 
source 

U.  alata 
U.  americana 
U.  crassifolia 
U.  glabra     . 
U.  japonica 
U.  laevis 
U.  parvifolia 

U.  pumila 
U.  rubra     „ 
U.  serotina  _ 
U.  thomasii- 

Mississippi 

Mississippi 
Europe   
Japan  .      
Russia       
United  States, 

Japan. 

Pounds 

4.5 

3-5 

Pounds 
50 

60 
50 

48.5 

6-8 

Number 
101,000-119,000 
48,000-109,000 
59,000-  61,400 
30,000-  45,000 

53,000-  93,000 
114,000-169,000 

40,000-118,500 
35,000-  54,000 

5,000-     9,000 

Nuyyiber      Number 

111,500 

70,900 
67,000 
40,000 

5,800 63,400 
120,600 

72,000 
41,000 

149,000 

7,000 

4 

14 

5 

12  + 
2  + 

20  + 
6  + 

35  + 

10 

27 

7,U5 

27 

32,  US 
O 

u,uo 

2,11,19,UU 

11,13,U1,U2,UU,U5 

U5 

U6 

39,  U5 
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Table  6. — Ulmus:  germination  test  conditions  and  results 

Germinati on  test  conditions Germinative 
energy 

Germinative 
capacity 

Average     Samples 

Purity 

Data 
source Species Medium 

Temperature 
Day     Night Dura- tion Amount Period 

°F. 

"F. 

Days ■Pej-ce?if 
Days 

Percent NiiDiber Percent 
U.alatu Soil           

90 
70 15 76 7 

91 

6 22,  27,  28 
U.  americana Paper  pads 86 68 

14 

3,18,20,  21, 
38,39 

13-60 

55 

7 64 15 92 7 
U.  crassifolia Soil 

90 

70 
80 56 78 56 2 27 

U.  glabra Germinator  or 
sand. 70-86 68-77 30-60 

44 

72  + 

29,32,34, 

U.  laevis      _ Germinator  or 

40,  48 
sand. 

70 

70 30 65 

22-t- 

85 
U,  21,  iO U.  parvi folia Paper  pads 68-85 68 10-60 

55 

2  + 

64 

3,11,20 U.  pumila   Paper  pads 
Germinator  or 

10 

3,  11,  17,21 

sand. 68-86 68 30 55 10 76 

48 

90 20,  21,41, 

45 

38,44 

U.  rubra Sand 86 68 60 

21 

10 23 5 94 
U.  serotina Soil 90 

70 
30 68 20 72 1 

27 

U.  thomasii Sand  or  petri 
dish. 86 

68 30 

77 8 

81 

11 95 

1,44 

'  Light  for  8 
inhibitory  for 

hours  or  more  per  day  is  recommended  for   U.  americana   (3,  20,  28).  Light  is  neither  required  nor 
germination  of   U.  alafa    (28),   U.  parvifolia  (3,  20),  and  U.  pumila  (3,  20). 

(8)  Cram,    W.    H.,    Lindquist,    C.    H.,   and    Thompson, 
A.  C. 

1966.  Seed  viability  studies:  American  and 
Siberian  elm.  Summ.  Rep.  Tree  Nursery 
Sask.  1965:  8-9. 

(9)  Deasy,  J.J. 
1954.  Notes  on  the  raising  of  forest  trees 
in  the  nursery.  Irish  For.  11(1):  10-19. 

(10)  Dore,  W. 
1965.  Ever  tried  rock  elm  seeds  for  eating? 

Can.  Audubon  27  (3)  :  90-91. 
(11)  Engstrom,  H.  E.,  and  Stoeckeler,  J.  H. 

1941.  Nurserv  practice  for  trees  and  shrubs. 
U.S.  Dep.  Agric.  Misc.  Publ.  434,  159  p. 

(12)  George,  E.  J. 
1937.  Storage  and  dewinging  of  American  elm 

seed.  J.   For.  35(8):   769-772. 
(13)  Goor,  A.  Y. 

1955.  Tree  planting  practices  for  arid  areas. 
FAO  Forest  Dev.  Pap.  6,  126  p. 

(14)  Gorshenin,  N.  M. 
1941.  Agrolesomelioratsiya.  [Agro-forest  me- 

lioration.] 392  p.  (In  Russian.) 
(15)  Guilkey,  P.  C. 

1965.  American  elm  (Ulmus  americana  L.). 
In  Silvics  of  forest  trees  of  the  United 
States.  U.S.  Dep.  Agric,  Agric.  Handb. 

271,  p.  725-731. 
(16)  Heit,  C.  E. 

1967.  Propagation  from  seed — Part  8.  Fall 
planting  of  fruit  and  hardwood  seeds.  Am. 
Nurseryman  126  (4)  :  12-13,  85-90. 

(17)   

(18)   

(19)    

(20) 

1967.  Storage  of  deciduous  tree  and  shrub 
seeds.  Am.  Nurseryman  126(10):  12-13, 
86-94. 

1968.  Thirty-five  years'  testing  of  tree  and 
shrub  seed.  J.  For.  66:  632-634. 

Correspondence,    Feb.    14,    1969.    N.Y.    State 
Agric.  Exp.  Stn.,  Geneva,  N.Y. 

International  Seed  Testing  Association. 
1966.    International    rules    for    seed    testing. 

Proc.  Int.  Seed  Test.  Assoc.  31 :   1-152  p. 

Figure  3. — Ulmus  americana,  American  elm:   seedling 
development  at  1,  3,  and  21  days  after  germination. 

(21)  Johnson,  L.  P.  V. 
1946.  Effect  of  humidity  on  the  longevity  of 

Populus  and  Ulmus  seeds  in  storage.  Can. 
J.  Res.  24 (Sec.  C)  :  298-302. 

(22)  Kirby,  B.,  and  Santelmann,  P.  W. 
1964.  Germination  and  emergence  of  winged 

elm  seed.  Weeds  12(4):  277-279. 
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Table  7. — Ulmus:   nursery  practice 

Species 
Season 

for  sowing- ' 

Seedlings 

per  sq.  ft. 

Sowing 

depth 

Tree 

percent 

Out-plant- 
ing age Data 

source 

U.  alata   
U.  americana. 
U.  crassifolia 
U.  glabra   
U.  laevis   
U.  parvifolia.. 
U.  pumila   
U.  rubra   
U.  serotina   
U.  thomasii 

Summer 

Spring  .. do 

Summer, 
do     .. 

Spring- 
Summer 

Spring- 
do      . 

do. 

Number 

25 

25-30 

25 

15-38 

Inches 
0-1/4 

% 
0-1/4 
0-1/4 
0-1/4 

%c-y4 

1/4 
1/4 

0-1/4 

1/4 

12 

6 
12-20 

3-7 

Years 
1 
1 
1 

1-2 
1-2 

1-2 
1 
1 
2 

22 

JfS 
22 

SJf,  UO,  Jf8 

9,U8 

u,n 

9, 12,  Ul 

27,^5 39,43 

'  Spring  sowing  was  preceded  by  stratification  in  sand  or  in  a  plastic  bag-  at  40°-41°  F.  for  60  days. 

(23)  Kriissmann,  G. 
1960.  Die  Nadelgeholze.  Ed.  2,  335  p.  Berlin. 

(24)  Little,  E.  L.  Jr.,  and  Delisle,  A.  L. 
1962.  Time  periods  in  development:  Forest 

trees,  North  American.  Table  104.  hi  Bio- 
logical handbook  on  growth.  P.  L.  Altman 

and  Dorothy  Dittmer  (eds.).  Fed.  Am.  Soc. 
Exp.  Biol.,  Washington,  D.C. 

(25)  Loiseau,  J. 
1945.  Les  arbres  et  la  foret.  204  p.  Paris. 

(26)  Maisenhelder,  L.  C. 
Observation    recorded     1966.    USDA     Forest 

Serv.,  South.  Forest  Exp.   Stn.,   Stoneville, 
Miss. 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

(35) 

(36) 

Data    filed    1968    for    Project    FS-SO-1106. 
USDA    Forest    Serv.,    South.    Forest    Exp. 
Stn.,  Stoneville,  Miss. 

McDermott,  R.  E. 
1953.  Light  as  a  factor  in  the  germination  of 

some   bottomland   hardwood   seeds.  J.    For. 
51:  203-204. 

Nederlandsche  Boschbouw  Vereeniging. 
1946.  Boomzaden:  Handleiding  inzake  het  oog- 

sten,  behandelen,  bewaren  en  uitzaaien  van 
boomzaden.  171  p.  Wageningen.  (In  Dutch.) 

Pammel,  L.  H.,  and  King,  C.  M. 
1930.  Germination  and  seedling  forms  of  some 

woody   plants.    Iowa    Acad.    Sci.    Proc.    37: 
131-141. 

Petrides,  G.  A. 
1958.  A  field  guide  to  trees  and  shrubs.  431  p. 

Houghton  Mifflin  Co.,  Boston. 
Rafn,  J.,  and  Son. 

(n.d.,  circa  1928.)    Skovfrokontoret's  Froana- 
lyser    gennem    40    Aar,    1887-1927.    Udfort 
paa  Statsfrokontrollen  i  Kobenhavn.  5  p. 

Rehder,  A. 
1940.   Manual  of  cultivated  trees  and  shrubs 

hardy  in  North  America.  996  p.  The  Mac- 
millan  Co.,  New  York. 

Rohmeder,  E. 
1942.     Keirnversuche     mit     Ulmus     monfana 

With.    Forstwiss.    Centralbl.    64:    121-135, 
illus.  (In  German.) 

Rudolf,  P.  0. 
1937   Delayed   germination   in   American  elm. 

J.  For.  35  :  876-877. 
Scholz,  H.  F. 

1965.  Rock  elm  (Ulmus  thomasii  Sarg. ).  Iv 
Silvics  of  forest  trees  of  the  United  States. 
U.S.  Dep.  Agric,  Agric.  Handb.  271,  p. 
732-735. 

(37) 

(38) 

(39) 

(40) 

(41) 

(42) 

(43) 

(44) 

(45) 

(46) 

(47) 

(48) 

(49) 

Scholz,  H.  F. 
1965.  Slippery  elm  (Ulmus  rubra  Miihl.).  In 

Silvics  of  forest  trees  of  the  United  States. 
U.S.    Dep.    Agric,    Agric.    Handb.    271,    p. 
736-739. 

Spector,  W.  S.  (ed.). 
1956.  Handbook  of  biological  data.  584  p. 

Saunders,  Philadelphia. 
Stoeckeler,  J.  H.,  and  Jones,  G.  W. 

1957.  Forest  nursery  practice  in  the  Lake 
States.  U.S.  Dep.  Agric,  Agric.  Handb. 
110,  124  p. 

Sus,  N.  I. 
1925.  Pitomnik.   [The  forest  nursery.]   227  p. 
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Lauraceae — Laurel  family 

UMBELLULARIA  (Nees)  Nutt. 

by  William  I.  Stein 

California-laurel 

Growth  habit,  occurrence,  and  use. — The  ge- 
nus Umbellitlaria  contains  a  single  species,  Um- 

hellularia  calif ornica  (Hook.  &  Arn.)  Nutt. 
(synonym:  Tetranthera  ?  calif  ornica  Hook.  «fe 
Arn.),  which  has  many  common  names  {25), 

being  best  known  as  California-laurel,  Oi'egon- 
myrtle,  bay.  laurel,  and  pepperwood.  California- 
laurel  is  a  broad-leaved  evergreen  that  matures 
either  as  a  shrub  or  tall  forest  tree.  Over  much 
of  its  range,  it  attains  heights  of  40  to  80  feet 
and  diameters  of  18  to  30  inches;  but  near  the 
ocean,  in  the  chaparral,  and  on  other  severe  or 
rocky  sites  it  is  confined  to  prostrate  or  .shrub 
sizes  {8,  10).  In  protected  bottomlands  of  south- 

ern Oregon  and  northern  California,  mature 
trees  are  3  to  6  feet  in  diameter  and  100  or  more 
feet  tall  {8).  A  maximum  circumference  of  36 
feet  9  inches  at  4i  o  feet  above  ground  (18)  and 
a  maximum  height  of  175  feet  have  been  re- 

ported (24). 

The  range  of  California-laurel  spans  more 
than  11  degrees  of  latitude  from  near  the  44th 

pai-allel  in  the  Umpqua  River  Valley  of  Douglas 
County,  Oreg.,  south  beyond  the  33d  parallel  in 
San  Diego  County,  Calif.,  nearly  to  the  Mexican 
border.  California-laurel  is  widely  distributed  in 
the  Coast  Ranges  and  less  abundantly  in  inland 
valleys  and  the  Siskiyou  and  Sierra  Mountains 
{27).  It  may  be  found  from  sea  level  to  4,000 
feet  in  much  of  its  range,  and  from  2,000  to 
5,000  feet  in  southern  California  {10).  Pure, 

dense  stands  of  Calif  ornia-laui'el  develop  in  some 
areas,  but  more  often  it  is  intermixed  with  other 
tree  and  shrub  species.  It  grows  in  various  soils 
under  both  cool-humid  and  hot-dry  atmospheric 
conditions.  In  xeric  climates,  it  is  most  promin- 

ent where  soil  moisture  is  favorable — on  alluvial 
deposits  or  protected  slopes,  along  watercourses, 
near  springs  and  seeps — but  in  shrub  form,  it 
also  is  found  on  dry  slopes  and  is  a  common 
component  of  chaparral  {21). 

All  parts  of  the  tree  have  served  human  needs. 
Wood   of  this   species   compares   favorably   in 

'  Pacific  Northwest  Forest  &  Range  Exp.  Stn. 

machining  quality  with  the  best  eastern  hard- 
woods (4)  and  is  used  for  woodenware,  interior 

trim,  furniture,  paneling,  veneer,  and  gun- 
stocks.  Burls  and  other  growths  with  distorted 
grain  are  especially  prized  for  making  gift  and 
novelty  items  which  are  marketed  extensively  as 
myrtlewood.  Dried  leaves  are  used  for  seasoning 
meats  and  soups  {15).  In  an  earlier  day,  Hudson 
Bay  Company  trappers  brewed  a  comforting  tea 
from  the  leaves  to  overcome  chill  {20).  David 
Douglas  learned  that  hunters  made  a  drink  from 

the  bark  and  declared  it  "by  no  means  an  un- 
palatable beverage"  {9).  Indians  ate  substantial 

quantities  of  the  fruit  and  seeds,  made  a  drink 
from  the  bark  of  the  roots,  and  used  the  leaves 
for  several  internal  and  external  medicinal  pur- 

poses, including  vermin  control  {3). 
Extracts  of  the  leaves,  seeds,  and  wood  have 

strong  chemical  properties  and  should  be  used 
with  caution.  Vapor  from  the  aromatic  leaves 
can  cause  sneezing,  headache,  sinus  irritation, 
other  severe  discomforts,  and  even  unconscious- 

ness (5,  7  7).  The  leaves  contain  considerable 
menthol  {30),  and  the  ketone,  umbellulone,  ob- 

tained from  their  oil  interferes  strongly  enough 
with  respiration,  heartbeat,  and  blood  circula- 

tion to  cause  death  in  laboratory  animals  {5). 
Umbellulone  also  has  fungicidal  and  germicidal 
properties  (5).  Oils  from  the  wood,  leaves,  and 
seeds  have  been  sold  for  pharmaceutical  pur- 

poses such  as  treating  catarrh,  nervous  dis- 
orders, rheumatism,  meningitis,  intestinal  colic, 

and  dyspepsia  {17,  23,  26). 
California-laurel  is  used  to  a  moderate  extent 

as  an  ornamental  evergreen.  Attractive  features 
include  thick,  glossy,  medium-to-dark  green  per- 

sistent leaves,  which  turn  orange  or  yellow 
before  they  drop  individually,  and  contrasting 
pale  yellow  flowers.  The  very  dense  aromatic 
foliage  often  shapes  naturally  into  a  pleasing, 
symmetrical,  rounded  crown.  Since  first  culti- 

vation in  1829  {10),  it  has  demonstrated  ability 
to  grow  well  far  outside  its  natural  range  {25). 
It  can  be  grown  as  a  large  potted  decorative 
plant  for  lobbies  and  patios  and  will  tolerate 
moderate  pruning  {12). 
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Figure  1. — Umbellularia  calif omica,  California-laurel: 
flowers  develop  in  umbels  that  originate  in  leaf  axils, 
2  X. 

California-laurel  also  has  wildlife  values — 
young  sprouts  are  choice  browse  in  spring  and 
summer.  Year-long  use  is  rated  by  Sampson  and 
Jespersen  {21)  as  good  to  fair  for  deer  and  fair 
to  poor  for  cattle,  sheep,  and  goats.  Longhurst 
et  al.  (H)  list  it  as  a  principal  browse  species 
for  deer  in  the  North  Coast  Ranges  of  Cali- 

fornia. Silver  gray  squirrels,  dusky-footed  wood 
rats,  and  Steller's  jays  feed  on  the  seeds  ex- 

tensively (1,31).  Hogs  eat  both  seeds  and  roots 
{10,  31). 

Several  racial  variations  are  recognized.  TJ. 
californica  forma  pendvM  Rehd.  is  an  uncom- 

mon, broad-spreading  tree  distinctive  for  its 
pendulous  branchlets  which  contrast  strongly 
with  typically  ascending  branch  growth  (10, 
19).  U.  californica  var.  fresnensis  Eastwood  has 
fine  white  down  on  the  lower  surfaces  of  leaves 
and  branches  of  the  panicle  (6).  Several  forms 
that  Pepson  {10)  describes — gregarious,  rock- 
pile,  dwarf,  and  prostrate — may  indicate  other 
variety  differences. 
Flowering  and  fruiting. — California-laurel 

flowers  regularly  and  often  profusely.  The  small, 

pale  yellow,  perfect  blossoms  grow  on  short- 
stemmed  umbels  which  originate  from  leaf  axils 
or  near  the  terminal  bud  (fig.  1).  Flower  buds 
develop  early;  those  for  the  following  year 
become  prominent  as  current-year  fruits  are 
maturing.  Within  its  long  north-south  range, 
flowering  of  California-laurel  has  been  reported 
to  occur  in  all  months  from  December  to  May, 
beginning  before  new  leaves  appear  {10, 11,19). 
The  flowering  period  may  stretch  into  late 
spring  and  summer  by  the  occasional  appear- 

ance of  flowers  originating  in  axils  of  the  cur- 
rent year's  developing  leaves  {23).  California- 

laurel  flowers  at  an  early  age ;  flowers  have  been 
observed  on  short  whiplike  shrubs  and  on  1- 
year-old  sucker  grovii;h  that  originated  on  a 
long  broken  stub.  Small  insects  appear  to  be  the 
chief  pollination  agent  {11). 

Seed  crops  are  abundant  in  most  years  {30). 
Although  umbels  bear  four  to  nine  flowers  each, 
generally  only  one  to  three  fruits  set  {10).  The 
age  when  a  tree  first  bears  fruit,  the  age  for 
maximum  production,  and  the  average  quantity 
produced  have  not  been  reported.  Seeds  are  pro- 

duced in  abundance  after  trees  are  30  to  40 
years  old  {8).  Damage  to  developing  seed  crops 
by  insects,  birds,  or  diseases  has  not  yet  been 
reported. 

Collection,  extraction,  and  storage. — The 
fruits,  acrid  drupes  each  containing  a  single, 
large,  thin-shelled  seed,  ripen  in  the  first  autumn 
following  flowering  {19,  23,  27).  As  drupes 
mature,  their  thin,  fleshy  hull  changes  from 
medium  green  to  speckled  yellow  green  {2,  27) 
(fig.  2),  pale  yellow  (7),  or  various  other  hues 
ranging  from  yellow  green  tinged  with  dull  red 
or  purple  {17,  23)  through  purplish  brown  {10, 
11)  to  purple  {13,  22,  28).  Ripe  drupes  may  be 
yellow  green  on  one  tree,  dark  purple  on  an 
adjacent  tree  {12). 

Druoes  fall  stemless  to  the  ground  in  late 
autumn  or  winter  and  are  dispersed  by  gravity, 
animals,  and  water.  Seed  is  collected  simply  by 
gathering  fallen  drupes,  if  squirrels  and  other 
animals  don't  get  there  first.  Shaking  ripe 
drupes  from  the  tree  should  provide  a  good 
means  for  making  quick,  efficient  collections. 

When  soft,  the  fleshy  hull  is  readily  removed 
from  the  seed  by  hand.  It  could  also  be  removed 
easily  by  machines  used  for  depulping  drupes  if 
quantity  processing  were  required.  In  one 
sample,  about  300  cleaned  seeds  (fig.  3)  were 
obtained  from  a  pound  of  drupes  {16). 

Seeds  of  California-laurel  have  lost  viability 
in  storage  even  at  low  temperatures,  so  yearly 
collection  of  fresh  seed  is  advised  {30).  Storage 
trials  have  been  very  limited,  however,  and 
further  tests  of  cold,  moist  storage  are  neces- 

sary. Under  favorable  natural  conditions,  seeds 
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Figure  2. — Uynhellularia  californica,  California-laurel: 
yellow-green  mature  drupe  suspended  from  its  conical 
cupule,  1.5  X    (Also  color  plate). 

on  the  ground  retain  viability  over  winter,  but 
under  adverse  conditions  viability  may  prove 
very  transient. 

Seed  treatment  and  germination. — Fresh,  un- 
treated seeds  will  germinate  under  room  or  out- 

door conditions  in  peat  moss,  sawdust,  or  light- 
textured  soil  but  may  require  3  months  or  longer 
(11, 16,30).  Germination  can  be  speeded  to  some 
extent  by  scarifying,  cracking,  or  removing  the 
endocarp,  or  stratifying  the  seed,  but  about  2 
months  are  still  required  (11,  29,  30).  In  light 
soil,  20  to  25  percent  of  untreated  seed  germi- 

nated ;  with  stratification,  germination  nearly 
doubled  in  one  test  (SO).  Among  16  lots  of  1969 
seed  collected  from  Oregon  and  California 

■  sources,  germination  by  the  end  of  March 
ranged  from  0  to  82  percent  following  January 
planting  deep  in  pots  of  peat  or  vermiculite. 

Parts  of  lots  held  in  a  refrigerator  at  40^'  F. 
from  November  to  January  germinated  some- 

what better  than  those  planted  outdoors  im- 
mediately in  a  peat-vermiculite  mixture.   The 

Figure  3. — Umbellularia  californica,  California-laurel: 
exterior  views  of  cleaned  seed,  2  X . 

better  lots  germinated  equally  well  in  several 
contrasting  test  conditions  (29). 
Under  forest  conditions,  germination  has 

been  reported  to  take  place  in  autumn  soon  after 
seedfall  (8,  23,  27),  or  in  late  winter  and  spring 
(25,  30).  Covered  seeds  germinate  best,  but  the 
large  seeds  do  not  bury  readily  without  ground 
disturbance  or  silt  deposition  by  high  water. 
Seedling  establishment  is  uncommon  in  the  drier 
parts  of  California  except  in  protected  areas 
and  where  ground  is  disturbed  (10). 

Germination  is  hypogeal,  and  the  fleshy  cotyl- 
edons I'emain  within  the  endocarp  and  attached 

to  the  .seedling  until  midsummer  when  the  plant 
may  be  6  to  8  inches  tall  (11,  23).  Generally 
there  are  two  large  cotyledons,  sometimes 
three,  and  no  endosperm  (fig.  4)  (11).  Seedlings 
grow  leaves  of  several  transitional  forms  as  they 
develop  (fig.  5)  and  do  not  branch  until  they 
are  2  or  3  years  old  unless  so  induced  by  removal 
of  the  terminal  bud  (11).  They  soon  develop  a 
moderately  stout  taproot  and  are  difficult  to 
transplant  if  more  than  1  year  old  unless  grown 
in  containers.  Recovery  after  transplanting  is 
often  slow,  and  height  growth  may  be  very 
limited  for  several  seasons. 

California-laurel  may  also  be  reproduced  by 
cuttings  (29).  Under  field  conditions,  it  sproute 
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prolifically  from  the   root  collar,   stump,   and 
fallen  trunk. 

-20  mm. 

^0 

endocarp 

cotyledons 

hypocotyl 

radicle 

Figure  4. — Umbellularia  calif ornica,  California-laurel: 
longitudinal  section  through  a  seed,  2  X. 
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Ericaceae — Heath  family 

VACCINIUM  L.  Blueberry 

by  John  A.  Crossley  ̂  

Growth  habit,  occurrence,  and  use. — The  blue- 
berries (also  cranberries)  include  about  130 

species  of  deciduous  or  evergreen  shrubs,  rarely 
trees  (11),  found  in  the  northern  hemisphere 
from  the  Arctic  Circle  to  high  mountains  in  the 
tropics  (table  1).  This  genus  contains  several 
commercial  berry-producers  as  well  as  a  number 
of  valuable  ornamental  and  wildlife  plants 
(table  1). 
Flowering  and  fruiting. — The  perfect  flowers 

are  either  axillary  or  terminal  and  can  be  soli- 
tary or  in  racemes.  The  blossoms  appear  in  the 

spring  or  early  summer  and  the  fruit  ripens  in 
late  summer  or  early  fall  (table  2). 

'  Northeastern  Forest  Exp.  Stn. 

Many  different  varieties  of  blueberry  have 
been  developed  for  commercial  berry  pro- 

duction. They  have  been  selected  for  size  of  fruit 
and  taste,  and  some  berries  are  reportedly  as 
large  as  a  baseball  (7).  Fruits  of  the  naturally 
occurring  species,  however,  are  usually  less  than 
i/>  inch  (<12mm.)  in  diameter  (fig.  1). 

Collection  of  fruits. — Blueberries  are  easily 
collected  by  hand-picking  the  ripe  berries.  They 
may  also  be  collected  by  bending  the  bush  over 
a  large  container  and  beating  the  bush  with  a 
short  hose  or  stick  (7). 

Extraction  and  storage. — After  collection,  the 
berries  should  be  chilled  at  50°  F.  for  several 
days  {12).  The  seeds  can  then  be  extracted  by 
shredding  the  berries  in  a  food  blender  for  30 

Table  1. — Vaccininnt:  nomenclature,  occurrence,  and  uses;  data  compilers 

Scientific  names  and 
synonyms 

Common  names Occurrence 

Uses ' 

Species  data compiler 

V.  angustifoUum  Ait. 
v.  pensulvanicum 

Lamark. 
V.  caespilosuiii  Michx. 

V.  nivictum  Camp. 

v.  corymbostiiii  L. 

V.  oi'olifoliiiin  Smith 
V.  chamisonis  Borg. 

V.  ovatum  Pursh.    

V.  parvifoliuni  Smith 

lowbush  blueberry, 
early  low  blueberry, 
sweet  low  blueberry. 

dwarf  blueberry, 
dwarf  huckleberry, 
dwarf  bilberry. 

highbush  blueberry, 
tall  blueberry, 
swamp  blueberry, 
whortleberry,  seedy 
blueberry. 

early  blueberry,  oval- 
leaved  whortleberry. 

box  blueberry,  ever- 
green huckleberry, 

California  huckle- berry. 

red  huckleberry,  red 
whortleberry,  red 
bilbeiTy. 

Newfoundland  to  southern  New  H  _  .. 
Jersey,  west  to  Illinois  and 
Michigan. 

Alaska  to  Labrador,  south  to  H,  E 
Maine,  Colorado,  New  Mexico, 
and  California. 

Maine  to  Minnesota,  south  to  H,  E 
Florida  and  Louisiana. 

Alaska  to  Quebec,  south  to  Michi-         H,  E 
gan  and  Oregon. 

West  side  of  Cascades  to  coast  of  H,  E 
British  Columbia  to  redwood 
area  of  California.  Sporadic 
south  to  Santa  Barbara,  in  coast 
range  to  central  Sierra  Nevada. 

Southeast  Alaska  to  central  Call-         H   
fornia,  Oregon,  and  Washington. 
Lower  Cascades  to  coast. 

John  A.  Crossley. 

G.  Strickler. 

John  A.  Crossley. 

A.  S.  Harris. 

Glen  L.  Crouch. 

Do. 

'  H :  habitat  or  food  for  wildlife,  E :  environmental  forestry. 
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Table  2. — Vaccinium:   phenology,  height,  and  fruit  ripeness  criteria 

Phenology 

Species Location 
Flowering 

dates 

Fruit 
ripening 

dates 

Data 
source 

Height 

at  ma- 

turity 

Year  of 
first 

culti- 

vation 

Fruit  ripeness 
criteria 

Ripe 
color 

Data 

source 

V.  angustifolium     Michigan May-June  July-Aug. 

V.  caespitosiuii              ..  June-July         July  and  Sept. 
V.  cori,'mbosuni       May-June         June-Aug. 

V.  ovalifolium     __    Alaska  ..  May-       July-Aug. 

V.  ovatmn           Washington,        March-July       Aug.-Sept. 
Oregon, 
California. 

Mason  County,    May-June  do         
Wash. 

V.  parvifolium  April-June  do 
Tillimook  Co.,      May-Juno  July-Aug. 

Ore. 

Thurston  Co.,  do  Aug.-Sept. 
Wash. 

17 
12 

U 

5,i 

5,8 

Feet 

%-2 

¥4-2 

6-15 

3-11 

2-12 

2-15 

1772 

1823 
1765 

1880 

bluish  black, bloomy, 

black,  bloomy 
blue-black, bloomy, 

bluish  purple, bloomy, 

purplish 

black. 

do 

bright  red do 

  do 

11 

11 
11 

11 

seconds  {9).  Sound  seeds  (figs.  2  and  li)  settle 
out  and  the  pulp  and  unsound  seeds  may  be 
floated  off.  After  drying  for  48  hours  at  60  to 

70°  F.  the  seeds  may  be  stored  under  normal 
refrigeration  for  up  to  12  years  (12).  The  num- 

ber of  cleaned  seed  per  pound  of  fruit  for  V. 
ovatmn  was  10,784  and  for  V.  parvifolium  was 
5,590  (2).  The  numbers  of  cleaned  seeds  per 
pound  for  six  species  are  given  in  table  3. 

Germination. — Seeds  of  some  species  of  blue- 
berry are  apparently  not  dormant  and  require 

no  pretreatment,  while  others  will  germinate 
very  slowly  over  a  long  period  of  time  if  not 
subjected  to  a  period  of  cold  stratification  (table 
4).  Germination  tests  have  been  made  in  sterile 
soil  in  a  greenhouse  (10). 

Nursery  practice. — Although  generally  propa- 
gated by  hardwood  cuttings,  blueberries  are 

also  reproduced  from  seed  in  some  instances. 
Seeds  should  be  planted  in  a  mixture  of  sand  and 
horticultural  peat  (12).  Seedlings  will  begin  to 
emerge  in  a  month  and  will  continue  to  emerge 
for  a  long  period  thereafter  (table  4).  Seedlings 
may  be  transplanted  6  to  7  weeks  after  emer- 

gence and  may  be  set  out  in  the  field  after  the 
first  growing  season.  Field  spacing  for  berry 
production  should  be  5  feet  by  8  feet  or  8  feet 
by  8  feet.  Blueberries  are  exacting  in  their  site 
requirements,  and  attempts  at  establishment  on 
less  favorable  sites  have  been  disappointing 
{15).  If  they  are  present  naturally,  a  desirable 
stand  can  usually  be  cultured  {12). 

) 

M 

lyi  "«& 

•  
  ̂f

t 

V 

V.  angustifolium 
lowbush  blueberry 

v.  atrococcum 

downy  blueberry 

V.  corymbosum 
highbush  blueberry 

Figure  1. — Vaccinium:  berries,  2   X. 
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V.  angustifolium 
lowbush  blueberry 

V.  atrococcum 

downy  blueberry 

v.  corymbosum 
highbush  blueberry 

V.  oval i folium 

ova  I- leaf 

V.  ovawm 
box  blueberry 

Figure  2. — Vaccinium:  seeds,  12  x. 

Literature  and  Other  Data 
Sources  Cited 

(1)  Abrams,  L. 
1951.  Illustrated  flora  of  the  Pacific  States. 

Vol.  Ill,  866  p.  Stanford  Univ.  Press,  Stan- 
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(2)  Crouch,  Glen  L. 
Observations  recorded  1970.  Pac.  Northwest 

Forest  and  Range  Exp.  Stn.,  Olvmpia, 
Wash. 

(3)  Darrow,  G.  M. 
1941.  Seed  size  in  blueberry  and  related  spe- 

cies. Proc.  Am.  Soc.  Hortic.  Sci.  38:  438- 
440. 

(4)  Harris,  A.  S. 
Observation  recorded  1969.  USDA  Forest 

Serv.,  Inst.  Northern  Forestry,  Juneau, 
Alaska. 

1.5  mm 

0 

Figure   3. — Vaccinium   atrococcum,    downy   blueberry: 
longitudinal  section  through  a  seed,  40  X . 

(5)  McKeever,  D.  G. 
1938.  The  effects  of  various  methods  of  treat- 

ment on  the  germination  of  seeds  of  some 
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and  Giroux,  New  York. 
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plants.  Civilian  Conserv.  Corps  For.  Publ. 
5,  42  p. 

(9)  Morrow,  E.  B.,  Darrow,  G.  M.,  and  Scott,  D.  H. 
1954.  A  quick  method  of  cleaning  berry  seed 

for  breeders.  Proc.  Am.  Soc.  Hortic.  Sci. 
63:265. 

(10)  Nichols,  G.  E. 

1934.  The  influence  of  exposure  to  winter  tem- 
peratures upon  seed  germination  in  various 

native  American  plants.  Ecol.  15:   364-373. 
(11)  Rehder,  A. 

1940.  Manual  of  cultivated  trees  and  shrubs. 
2nd  ed.,  966  p.  The  Macmillan  Co.,  New 
York. 

(12)  Rogers,  Robert. 
Lowbush  blueberrv.  Highbush  blueberry.  6  p. 

Manuscript  filed  1970.  USDA  Forest  Serv., 
Northeast.  Forest  Exp.  Stn.,  Morgantown, 
W.  Va. 

(13)  Strickler.  Gerald. 
Observations  recorded  1970.  USDA  Forest 

Serv.,  Pac.  Northwest  Forest  and  Range 

Exp.  Stn. 
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Table  3. — Vaccinium:    cleaned  seeds  per  pound 

VACCINIUM 

Species 
Cleaned  seed  per  pound 

Range 
Average 

Samples Data  source 

V.  angnstifolium. 
V.  caespitosum   
V.  corymhosum   
V.  ovali folium   
V.  ovatum   

V.  parvifolium 

Nuviber 

1,814,400-2,160,000 
3,700,000-6,000,000 
965,100-    986,000 

1,030,000-1,380,000 

1,566,000-2,268,000 
2,390,000-3,240,000 

Number Number 

1,972,174 3 3 
5,300,000 4 13 
975,550 2 3 

1,606,200 

lU 

11 3 
3,000,000 1 5 

1,966,000 
3 2 

2,815,000 2 12 

2,160,000 1 3 

(14)  Swingle,  Charles  F.  (compiler). 
1939.  Seed  propagation  of  trees,  shrubs,  and 

forbs  for  conservation  planting.  SCS-TP- 
27,  198  p.  USDA  Soil  Conserv.  Serv.,  Wash., 
D.C. 

(15)  Turner,  D. 
19G1.  Fertilization  of  evergreen  huckleberry 

{VaccivJum  <ivatnm).  Wash.  Agric.  Exp. 
Stn.  Inst.  Agric.  Sci.  Stn.  Circ.  383,  5  p. 

(16)  USDA   Forest  Service. 
Data  filed  1970.  Eastern  Tree  Seed  Lab.,  Ma- 

con, Ga. 
(17)  Van  Dersal,  William  R. 

1938.  Native  woody  plants  of  the  United 
States:  their  erosion-control  and  wildlife 
values.  U.S.  Dep  Agric.  Misc.  Publ.  303, 
362  p. 

Table   4. — Vaccinium:    pregermination    treat- 
ments and  germination  test  residts 

Species 

Recommended 
stratification 

Germination 

tests 

Test 

Dura- 

tion Germi- 

nation 
capacity 

Data 

source Warm 

period  ' 

Cold 

I^eriod  - 

Days Daijs 

Da  //.s Percent 

V. august  if  oUum 0 83 169 52 10 
V. 

caespitosum - 0 0 96 6 
V. corymbosum 0 0 252 

53 

10 

V. 

ovali  folimn 

15 15 

69 93 16 

At  room  temperature. 

At  33°  to  38°  F. 
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VIBURNUM 

Caprifoliaceae — Honeysuckle  family 

VIBURNUM  L.  Viburnum 

by  John  D.  Gill '  and  Franz  L.  Pogge  ̂  

Growth  habit,  occurrence  and  use. — Among 
the  120  or  so  viburnums  occurring  in  the  north- 

ern hemisphere,  10  species  which  are  particu- 
larly useful   in   North   America  are   discussed 

'  Northeastern  Forest  Exp.  Stn. 

here  (table  1).  All  ten  species  are  deciduous 
shrubs  or  small  trees.  Their  characteristics 
allow  ranking  the  viburnums  among  the  most 
important  genei'a  for  both  wildlife  habitat  and 
environmental  forestry  purposes.  Viburnums 
are  widely  used  as  ornamentals  since  they  have 
attractive  foliage  and  showy  flowers  and  fruits. 

Table  1. — Viburnum:    nomenclature,   occurrence,  uses 

^"^li^nogmr^"^  Con.n.on  names 
V.  acerifoliutn  L     mapleleaf  viburnum,  dock- 

mackie,  mapleleaf  arrow- 
wood,  possum-haw. 

y.  alnifolium  Marsh     hobblebush  viburnum, 
V.  grandifolium  Ait.               moosewood,  hobblebush, 
V.  lantanoides  Michx         tangle  legs,  witch-hobble. 

V.  cassinoides  L          withered  viburnum,  wild- 
raisin,  witherod. 

Occurrence 

Uses  ■ 

.  dentaturn  h.     . 
V.  pubesce7is  (Ait.)  Pursh. 
V.scabreUum  (T.  &  G.) 

Chapm. 
V.  venosum  Britt. 

.  Inntana  L.        

V .  lentago  L. 

V.  opitlus  L. 
V.  americanum  authors,' not  Mill. 
V.  opuhis  var.  americanum 

Ait. 
V.  trilobmn  Marsh. 

V.  priinifoliuni  L.     ._     
V.  bushii  Ashe. 

V.  'pruni folium  var. 
globosum  Nash. 

V.  rafinesquianutii  Schultes 
V.  affine  Bush,  var. 
hypomalacum  Blake. 

V.  pubescens  authors,'  not 
(Ait.)  Pursh. 

V.  recognitiim  Fern. 
V.  dentaturn  authors,' not  L. 

southern  arrowwood, 
roughish  arrowwood, 
arrowwood  viburnum. 

wayfaringtree,  wristwood, 
wayfaringtree  virbunum. 

nannyberry,  blackhaw, 
sheepberry,  sweet 
viburnum,  wild-raisin. 

cranberrybush,  American 
cranberrybush,  European 
cranberrybush.  Guelder 
rose,  highbush-cranberry, 
pincushion  tree. 

blackhaw,  stagbush,  sweet- haw. 

downy  arrowwood, 
Raflnesque  viburnum. 

smooth  arrowwood, 
arrowwood. 

Minnesota  to  Quebec  and  southward  to  E,  H 
Georgia  and  Tennessee. 

Prince  Edward  Isle  to  Michigan  and  E,  F,  H 
southward  to  Tennessee  and  Georgia. 

Newfoundland  to  Manitoba  and  southward,     E,  H 
Indiana  to  Maryland  and  in  mountains 
to  Alabama. 

Southern  New  England  southward  to  E,  H 
Florida  and  westward  to  Texas. 

Native  of  Europe  and  western  Asia.  Range     E,  W 
extension:  Connecticut  to  Ontario. 

Western  Quebec  to  Manitoba  southward,         E,  F,  H,  S 
Iowa  to  New  Jersey  and  in  mountains 
to  Georgia;  also  in  Black  Hills  of  South 
Dakota  and  local  in  Wyoming  and 
Colorado. 

Native  in  Europe  (12),  also  in  Canada  E,  F,  H,  S 
and  northern  United  States  (20) ; 
European  strains  escaped  from  culti- 

vation in  northern  United  States  (12). 

Connecticut  to  Michigan  and  southward,  E,  F,  H 
Texas  to  Florida. 

Manitoba  to  Quebec  and  southward,  E,  H 
Georgia  to  Missouri. 

New  Brunswick  to  Ontario  and  southward,      E,  H 
Ohio  to  South  Carolina. 

'  Name  was  misapplied  to  the  species  by  some  authors. 
"E:  environmental  forestry,  F:  food  for  humans,  H:  habitat  or  food  for  wildlife,  S:  shelterbelt,  W; watershed. 
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The  dense  growth  form  of  many  species  pro- 
vides g-ood  nesting  or  escape  cover  for  numerous 

species  of  birds  and  small  mammals.  The  fruits 
of  most  species  may  be  eaten  by  deer,  rabbits, 
chipmunks,  squirrels,  mice,  skunks,  grouse, 
pheasants,  turkeys,  and  many  species  of  song- 

birds. The  twigs,  bark,  and  leaves  may  be  eaten 
by  deer,  moose,  rabbits,  and  beaver  {21).  And 
the  fruits  of  four  species  are  eaten  by  humans 
(table  1).  Medicinal  uses  have  been  found  for 
cranberrybush,  blackhaw,  hobblebush  vibur- 

num, and  possumhaw  (F.  nudnrn  L.)  (li,  19). 
Most  species  prefer  moist,  well-drained  soils  but 
drier  soils  are  suitable  for  some,  notably  black- 
haw,  mapleleaf  viburnum,  and  witherod  vibur- 

num. Soil  texture  and  pH  requirements  are  less 
critical  than  in  most  other  genera ;  hobblebush, 
mapleleaf  viburnum,  and  nannyberry  are  par- 

ticularly tolerant  of  acidic  soil  (24,  29).  Most 
species  are  also  shade  tolerant.  This  applies 
particularly  to  hobblebush  viburnum,  maple- 
leaf  viburnum,  and  the  arrowwoods  which  may 
require  partial  shading  for  optimum  growth  and 
development  (H,  18).  The  species  which  more 
typically  thrive  in  the  open  or  in  partial  shade 
include  blackhaw,  cranberrybush,  nannyberry, 
and  witherod  viburnum. 

Flowering  and  fruiting. — The  small  white,  or 
sometimes  pinkish,  flowers  are  arranged  in  flat, 
rounded,  or  pyramidal  cymes  (fig.  1).  Flowers 
are  typically  bisexual  but  the  marginal  blossoms 
in  hobblebush  and  cranberrybush  are  sterile.  In 
some  cultivated  varieties  of  cranberrybush,  all 
flowers  may  be  sterile  (24).  Flowering  and  fruit 
ripening  dates  are  mostly  in  May-June  and  Sep- 

tember-October respectively,  but  vary  among 
species  and  localities  (table  2).  The  fruit  is  a 

Figure  1. — Viburmmi  lentago,  nannyberry:   cluster  of 
fruits  (a  compound  cyme)  typical  of  the  genus,  1   X. 

one-seeded  drupe  14  to  V2  inch  in  length  with 
soft  pulp  and  a  thin  stone  (figs.  2,  3,  4).  During 
the  ripening  process,  fruits  of  most  species 
change  in  color  from  green  to  various  shades  of 
red  and  finally  to  blue-black  when  fully  ripe 
(12).  The  fruit=;  of  V.  opulus  (cranberrybush), 
however,  remain  orange  to  scarlet  when  fully 
ripe  (12).  Age  of  viburnums  at  first  fruiting 
varies  among  species  from  2-3  years  up  to  8-10 
years  (table  3).  Cranberrybush,  an  arrowwood, 
and  mapleleaf  viburnum  fruited  at  age  three  in 
a  Connecticut  nursery.  Among  wildlings,  maple- 
leaf  viburnum  fruited  at  age  two  and  the  arrow- 
wood  at  age  four  (28).  Production  is  usually 
meagre  in  the  first  fruiting  and  may  be  slight  in 
most  years  among  species  such  as  mapleleaf 

Table  2. — Viburnum:    phenologij  of  flowering  and  fruiting 

Species  Location 

V.  aceri folium    Midrange   
West  Virginia 
South        . 

V.alnifolium         Midrange 
West  Virginia 
New  York 

V.  casshwides     __..     Midrange 
Extremes 

V.dentatum     ....             Midrange 
Extremes 

V.  lantana    Midrange 
V.  lentago    Midrange 

Extremes 
V.  opulus    Midrange 

Extremes  _ 
V.  pruni folium    Midrange 

Extremes     _ 
V.  ra fines quianu7n    Midrange         _ 

Extremes 
V.recognitum  .    ,        North 

South   

Flowering  Fruit  ripening 

May-Aug.  July-Oct.    ._     late  Oct. 
Apr. -May  late  July 
May-June    Aug.-Sept. late  Sept. 

May  .     Aug.-Sept. 
June-July  Sept.-Oct. 
May-July  July-Oct. 
May-June  Sept.-Oct. 
June-Aug.  July-Nov. 
May-June  Aug.-Sept. 
May-June  Sept.-Oct. 
Apr. -June  mid  July 
May-June  Aug.-Sept. 
May-July  Sept.-Oct. 
Apr.-May  Sept.-Oct. 
Apr.-June  July-Aug. 
June-July  Sept.-Oct. 
May-June  July-Sept. 
May-June  Aug.-Sept. 
Apr.-May    .....  July-Aug    , 

Seed  dispersal  Data  source 

Fall  12, 32 
Nov.-Dec.  22 
Fall-Spring  20 
Fall  12,23,32,33 
Oct.-Nov.  22 
Aug.-Oct.  IJ, 
Oct.-Nov.  17,23,33 

12,20 
to  Dec.  23,  S3 
to  Feb.  7, 12,  20 
Sept.-Feb.  2, 12, 18,  20,  23 
Oct.-Mav  12,17,23 
Fall-Spring  20,32 
Mar.-May    1,2,16,33 
Oct.-May  12,23,33 
to  Mar.  7, 12,  20,  23,  33 
Oct.-Apr.         _  7,20,33 
Oct.            1,11,33 

   12,23 
to  Dec.    20,32 
to  Feb      7,20 
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9 
V.  cass/no/c/es 

withered  viburnum 

V.  /enfago 

nannyberry 

«.•
 

V.  rafinesquianum 

downy  arrowwood 
V.  opulus 
cranberrybush 

Fir.URE  2. — Viburnum:  single  fruits  (drupes),  2  X. 

viburnum  and  hobblebush  viburnum  growing  in 
deep  shade  (H).  But  most  species  produce  fruit 
nearly  every  year.  This  is  documented  for  black- 
haw,  cranberrybush,  mapleleaf  viburnum,  nan- 
nybery,  and  witherod  viburnum  (table  3).  Much 
of  the  wildlife-habitat  and  ornamental  value  in 
viburnums  is  due  to  persistence  of  their  fruits. 
In  some  species  the  fruits  hang  on  the  shrubs 
through  winter  (table  2).  Dispersal  is  accom- 

plished by  animals  or  gravity. 
Collection,  extraction,  and  storage. — The 

fruits  may  be  hand-picked  when  ripe  (table  2). 
Fruits  of  V.  alnifolium  (hobblebush  viburnum) 
are  physiologically  mature  when  their  color 
changes  from  green  to  red  although  they  are 

blue-black  when  fully  ripe  {IJf).  After  the  fruits 
are  collected,  care  should  be  taken  to  prevent 
them  from  heating.  If  whole  fruits  are  to  be 
used  they  should  be  spread  out  to  dry.  Other- 

wise, fruits  should  be  run  through  a  macerator 
with  water  and  the  pulp  floated  oif  or  hosed 
through  screens.  The  seeds  should  be  air-dried 
for  storage.  Extraction  of  the  seed  from  the 
fleshy  pulp  is  recommended  because  germination 
for  cleaned  seeds  was  consistently  higher  than 
for  dried  fruit  of  at  least  one  species,  V.  lantana 
(,26).  Viability  of  air-dried  seeds  was  main- 

tained for  10  years  by  storing  them  in  a  sealed 
container  at  34°-38°  F.  {15).  Whole  fruits  can 
be  handled  similarly  {6,  13).  Average  numbers 
of  cleaned  seed  per  pound  are  listed  by  species  in 
table  4.  Soundness  in  seed  lots  of  several  species 
has  ranged  from  90  to  96  percent  {32). 

Germination. — Seeds  of  most  viburnums  are 
diflficult  to  germinate.  Most  species  have  embryo 
dormancy  and  some  have  impermeable  seedcoats 
which  impede  germination  {32).  Dormancy  in 
seeds  of  southern  species  is  more  readily  broken 
than  in  seeds  of  northern  species.  Seeds  of  the 
more  northern  forms  need  warm  stratification 
for  development  of  the  radicle  followed  by  cold 
stratification  to  break  dormancy  in  the  epicotyl 
(shoot).  For  this  reason  seeds  of  northern 
species  seldom  germinate  naturally  until  the 
second  spring  after  ripening.  In  contrast,  seeds 
of  some  southern  viburnums  usually  complete 
natural  germination  in  the  first  spring  following 
seedfall.  They  ordinarily  do  not  exhibit  epicotyl 
dormancy  and  do  not  require  cold  stratification. 
Among  the  10  species  discussed  here  only  V. 
dottatum  (southern  arrowwood)  from  the 
southern  part  of  its  range  may  not  need  cold 
stratification  (table  5  and  fig.  5).  Germination 
of  another  southern  species,  V.  nudum  L.,  was 
completed  in  12  to  17  months  without  previous 
stratification  {3,  13).  Scarification  of  seeds  has 

Table  3. — Viburnum:  growth  habit,  height,  seed-bearing  age,  and  seed  crop  frequency 

Species Growth  habit 
Height 

at maturity 

Year  of 

first 

culti- 
vation 

Seed-bearing  age 

Minimum 
Data 
source 

Interval  between 
large  seed  crop 

Time 
Data 

source 

V.  acerifoliuvi 
v.  alnifolium 

V.  cassinoides     .  _ 
V.  dentatum   
V.  lantana   
V.  leyitago   
V.  opulus   
y.  prunifolium  .. 
V.  rafinesquianuv^ 
V.  recognitum 

Erect  shrub       
Erect  or 

trailing  shrub. 
Erect  shrub 
  do   
Shrub  or  tree   
  do   
Erect  shrub    -   
Shrub  or  tree   
Shrub      
Erect  shrub       

Feet 

6 10 

10 
16 
16 

33 13 
16 

6 10 

1736 
1820 

1761 
1736 

1761 

1727 
1830 

Years 
2-3 

3-4 

3-5 8-10 

5-6 

28 

28 10 

10,  2, 

10 

10 

Years 

1 

3  or  4 

22 
22 27 

27 27 
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V.  acerifolium  V.  ainifolium 

mapleleaf  viburnum    hobblebush  viburnum 
V.  cassinoides  V.  dentatum 
withered  viburnum    southern  arrowwood 

V.  lentago 
nannyberry 

V.  rafinesquianum 
downy  arrowwood 

v.  recognitum 
smooth  arrowwood 

V.  I  an  tana 

wayfaringtree 

V.  opulus 
cranberrybush 

Figure  3. — Viburnum:  cleaned  seeds  (stones),  4  X. 

not  improved  germination  (4).  Germination 
tests  of  stratified  seed  have  been  made  in  sand 
or  soil  fiats  at  temperatures  alternating  from 

68°  (night)  to  86    F.  (day)  (table  5). 
Nursery  practice. — The  warm-cold  stratifica- 

tion sequence  (table  5)  can  be  accomplished  in 
nursery  beds.  Seed  or  dried  fruit  can  be  sown 

r11  mm 

i-O 

Figure  4. — Viburnum  lentago,  nannyberry:  longitudinal 
section  through  a  stone,  5  X . 

in  the  spring,  to  allow  a  full  summer  for  root 
development  (fig.  6).  The  ensuing  winter  tem- 

peratures will  provide  the  cold  stratification 
needed  to  break  epicotyl  dormancy.  The  prin- 

cipal advantage  of  this  method,  compared  to 
stratification  in  flats  or  trays  is  that  seed  need 
not  be  handled  after  root  emergence  which 
normally  occurs  during  warm  stratification 
(2If).  Seeds  of  species  with  lesser  dormancy- 
breaking  requirements  can  be  sown  in  the  fall 
shortly  after  they  ripen.  For  several  species  of 
seed  or  fruits  handled  in  these  ways,  the  latest 
sowing  dates  for  optimum  seedling  percentages 
in  the  ensuing  year  are  listed  in  table  6.  Sowing 
done  somewhat  earlier  than  these  dates  gave 
nearly  as  good  results,  but  later  dates  gave 
reduced  germination  percentages. 

In  Iowa,  seeds  of  two  species  were  sown  in  the 
summer  when  they  were  just  past  the  milk  stage 
of  their  development.  Germination  of  one  spe- 

cies, V.  knitaiia,  was  reported  as  100  percent  in 
the  following  spring.  The  other  species  was  an 
arrowwood,  either  V.  rlentatum  or  V.  recog- 

nitum, and  germination  was  90  percent  (31). 
This  procedure  is  not  practical  for  a  large  nurs- 

ery operation,  however,  because  of  the  difficul- 
ties in  collecting  seeds  at  the  specified  stage  of 

development. 
The  seed  may  be  broadcast  sown  on  prepared 

seedbeds  and  mulched  with  sawdust   (2l).   A 
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1cm. 

Figure  6. — Viburnum  lentago,  nannyberry:  seedling  de- 
velopment from  stratified  seed;  a,  root  development 

during  warm  stratification  (about  150  days)  ;  b,  very 
little  development  during  ensuing  cold  stratification 
(about  120  days)  for  breaking  epicotyl  dormancy;  c, 
subsequent  development  at  germinating  temperatures. 

Figure  5. — Viburyiuin  dentatum,  southern  arrowwood: 
seedling  development  at  1,  2,  11,  and  29  days  after 
germination.  Roots  and  shoots  develop  concurrently. 

seedling  density  of  20  per  square  foot  was 
recommended  for  three  species  (9).  Alter- 

natively, seed  can  be  sown  in  drills  8  to  12  inches 
apart,  covered  with  i/o  inch  of  soil,  and  mulched 
with  straw  (32).  Straw  mulch  must  be  removed 
once  germination  begins;  otherwise  there  is 
risk  of  loss  due  to  damping-off  fungi.  Sawdust 
need  not  be  removed,  but  may  need  to  be  se- 

cured in  place  with  netting  or  replenished 
occasionally  (2i).  The  beds  may  need  screening 
to  keep  out  birds  and  rodents.  Seedlings  of  some 
species  may  require  shade  for  best  development 
although  this  depends  on  location  and  species. 
The  most  likely  candidates  for  shading  are  the 
arrowwoods,  hobblebush  viburnum  (H),  and 
mapleleaf  viburnum.  Seedlings  should  be  ready 
for  outplanting  as  1-0  or  2-0  stock.  Viburnums 
are  also  propagated  from  either  hardwood  or 
softwood  cuttings  or  by  layering  (8). 

Table  4. — Viburnum:   cleaned  seeds  per  pound  and  other  yield  data 

Samples 

Data 

sources 
P^i.ed  Seeds  per  Cleaned  seeds  per  pound 

Species                   fruits  100  pounds   
per  pound  of  fruit  Range  Average 

Number  Pounds  Number  Number 

V.acerifolium           4,800  30  10,900-16,600  13,100 
V.ahiifoHum           7,580  '43  _  11,500 
V.  cassinoides            3,000  ....  25,000-29,000  27,600 
V.  dentatum'    25-30  14,600-32,600  20,400 
V.  lantana                  .  ..  .  4,200-13,200  8,700 
V.  lentago            2,200  9-50  2,200-12,400  5,900 
V.opulus             5,500  6-33  9,400-17,800  13,600 
V.  prunifoUum                       .  20-50  4,000-  6,000  4,800 

'  Yield  from  dried  fruit. 
°  Species  name  may  be  a  misapplication  to  V.  recognitum  (table  1). 

Number 

5 30,32 
11 

U,  32,  3If 3 
30,32 6 
5,30,32,33 2 
30,32 

21 

9,  30,  32,  33 12 
30,32 5 
30,32 

848 



VIBURNUM 

Table  5. — Vihiwnum:  stratification  treatments  and  germination  test  results 

Data 

sources 

  Stratification  treatments   Germination  Germinative 

Species  Warm  period  '  Cold  period  "  test   capacity   
(first  stage)  (second  stage)       duration"         Average  Samples 

Days  Days  Days  Percent           Number- 
V.acerifolium    180-510  60-120  60+  32  5 
V.ahufoUum    150  75  100  43  2 
V.  cassinoides    60  90  120  67  2 

V.dentatmn*    0  0  60 
V.  lantana         0  70 
V.  lentago    150-270  60-120  120  51  3 
V.opuhis   .       60-90  30-60  60  60  3  + 
V.prunifolium  150-270  30-60  60+  75  2 
V .  rafinesquiaimw  360-510  60-120 
V.recognitum  360-510  75  60+  69  2 

'  Seeds  in  a  moist  medium  were  exposed  to  diurnally  alternating  temperatures  of  86°-68°  F.  or  86 
constant  68°    F.   was  equally  effective  for  most  species.    (4). 

"  Seeds  and  medium  were  exposed  to  constant  temperature  of  40°  or  50°  F.  Temperatures  of  34°-41 ferred  now  for  cold  stratification. 

^  At  temperatures  alternating  diurnally  from  86°   (day)  to  68°  F.  (night). 
■*  Seeds  were  collected  in  Texas;  temperature  was  not  critical  for  germination  (13). 

4,13,32 lJt,32 32 
13 
26 

4,13,32 

4,13,32 
4,13,32 

4,13 

13,32 

50°  F.,  but  a 

F.  are  pre- 

Table  6. — Viburnum:  latest  alloivable  dates  for 
sowing  in  nursery  beds  and  seedling  percent- 

ages obtained  in  the  following  year 

Latest 

KT  11         ui  SeedliiiK _,        .  Nursery  allowable  Data 
Species  T        ■•  •  Per- ijocation  sowing  ,      source 

,   .    ,  centage  - 

date ' V.acerifolium_      New  York  May  1  55  13 
V.  lantana    Ohio  October  21  90  25 
V.  lentago     do  October  7  75  25 
V.  opuliis    New  York  July  1  87  13 
V.prunifolium  do  May  1.  26  13 
V.recognitum  do         _         do       32  13 

^  Sowing  dates  later  than  those  listed  resulted  in  re- 
duced seedling  percentages. 

"  Number  of  seedlings  in  a  nursery  bed  at  time  of 
lifting  expressed  as  a  percentage  of  the  number  of  viable 
seeds  sown. 

Literature  Cited 

(1) 

(2) 

(3) 

(4) 

(5) 

Amnions,  Nelle. 
1950.  Shrubs  of  West  Virginia.  W.  Va.  Univ. 

Bull.  50,  12-4:   127  p. 
Bailey,  L.  H. 

1914.  The  standard  cyclopedia  of  horticulture. 
3,639  p.  The  Macmillan  Co.,  New  York. 

Barton,  Lela  V. 
1951.  A  note  on  the  germination  of  Viburnum 

seeds.  Univ.  Wash.  Arbor.  Bull.  14:  1.3-14, 
27. 

1958.  Germination  and  seedling  production  of 
species    of    Viburnum.    Plant    Propag.    Soc. 
8:    126-35. 

Bump,  G.  R.,  Darrow,  W.,  Edminster,  F.  C,  et  al. 
1947.  The  ruffed  grouse — life  history,  propa- 

gation, management.  N.  Y.  State  "Conserv. Dep.  915  p. 

(6)  Chadwick,  L.  C. 

1935.  Practices  in  propagation  by  seeds — 
stratification  treatment  for  many  species 
of  woody  plants  described  in  fourth  article 
of  series.  Am.  Nurseryman  62:  3-9. 

(7)  Chapman,  Floyd  C. 
1947.  Viburnums  for  conservation  plantings. 

Ohio  Conserv.  Bull.  11:  18-19. 
(8)  Doran,  W.  L. 

1957.  Propagation  of  woody  plants  by  cut- 
tings. Univ.  Mass.  Agric.  Exp.  Stn.  Bull. 

491,  99  p. 

(9)  Edminster,  Frank  C. 
1947.   The  ruffed  grouse — its  life  story,  ecol- 

ogy and  management.  385  p.  The  Macmillan 
Co.,  New  York. (10) 

1950.  Use  of  shrubs  in  developing  farm  wild- 
life habitat.  North  Am.  Wildl.  Conf.  Trans. 

15:  519-550. 
(11)  Egolf.  Ronald   R. 

1960.  Noteworthy  viburnums.  Proc.  Plant 
Propag.  Soc.  Annu.  Meet.  10:   158-177. 

(12)  Fernald,  Merritt  Lyndon. 

1950.  Gray's  manual  of  botany.  Ed.  8,  1,632  p. 
American  Book  Company,  New  York. 

(13)  Giersbach,  Johanna. 
1937.  Germination  and  seedling  production 
of  species  of  Viburnum.  Contrib.  Boyce 
Thompson  Inst.  9:  79-90. 

(14)  Gould,  Walter  Phillip. 
1966.  The  ecology  of  Viburnum  alnifolium 

Marsh.  PhD  thesis.  N.  Y.  State  Univ.,  Coll. 
For.,  Syracuse.  246  p. 

(15)  Heit,  C.  E. 
1967.  Propagation  from  seed.  Part  11.  Stor- 

age of  deciduous  tree  and  shrub  seeds.  Am. 
Nurseryman  126:  12-13,  86-94. 

(16)  Holweg,  Arthur  W. 
1964.  Some  shrubs  and  vines  for  wildlife  food 

and  cover.  N.  Y.  Conserv.  19:  22-27. 
(17)  Hosley,  Neil  Wetmore. 

1938.  Woody  plants  used  by  wildlife  in  the 
northeastern  United  States.  PhD  thesis, 
409  p.  Univ.   Mich. 

849 



VIBURNUM 

(18)  Hottes,  Alfred  Carl. 
1939.  The  book  of  shrubs.  438  p.  A.  T.  DeLa 

Mare  Co.,  New  York. 
(19)  Krichmal,     Arnold,     Walters,     Russell     S.,     and 

Doughty,  Richard  M. 
19G9.  A  guide  to  medicinal  plants  of  Appa- 

lachia.  USDA  Forest  Serv.  Res.  Pap.  NE- 
138;  291  p. 

(20)  McAtee,  W.  L. 
1956.  A  review  of  the  nearctic  viburnum.  125 

p.  Published  privately  by  the  author.  Chapel 
Hill,  N.  C. 

(21)  Martin,  Alexander  C,  Zim,  Herbert  S.,  and  Nel- 
son, Arnold  L. 

1951.  American  Wildlife  and  plants.  A  guide 
to  wildlife  food  habits.  500  p.  Dover  Publ., 
Inc.,  New  York. 

(22)  Park,  Barry  C. 
1942.  The  yield  and  persistence  of  wildlife 

food  plants.  J.  Wildl.  Manage.  6:  118-21. 
(23)  Rehder,  Alfred. 

1940.  Manual  of  cultivated  trees  and  shrubs. 
Ed.  2,  996  p.  The  Macmillan  Co.,  New  York. 

(24)  Rollins,  J.  A. 
1970.  Viburnums.  Univ.  Mass.  Dep.  Bot.  Un- 

published ms.,   21   p. 
(25)  Smith,  B.  C. 

1952.  Nursery  research  at  Ohio  State.  Am. 
Nurseryman.   95:    15,   94-96. 

(26)  Smith,  Brawner  Casper. 
1952.  An  investigation  of  the  delayed  germi- 

nation of  the  seed  of  Cotoneaster  divari- 
cata,  C.  zabeli.  Viburnum  lantana  and  V. 
lentago.  PhD  thesis,  78  p.  Ohio  State  Univ. 
(Unpublished.) 

(27)  Smith,  Ralph  H. 
1964.  Some  experimental  shrub  plantings — 

twenty  years  later.  N.  Y.  Fish  and  Game  J. 
11:  91-105. 

(28)  Spinner,  G.  P.,  and  Ostrum,  G.  F. 
1945.  First  fruiting  of  woody  food  plants  in 

Connecticut.  J.  Wildl.  Manage.  9:   79. 

(29)  Spurway,  C.  H. 
1941.  Soil  reaction  (pH)  preferences  of  plants. 

Mich.  State  Agric.  Exp.  Stn.  Special  Bull. 
306,  36  p. 

(30)  Swingle,  Charles  F.  (compiler). 
1939.  Seed  propagation  of  trees,  shrubs,  and 

forbs  for  conservation  planting  SCS-TP- 
27,  198  p.  U.S.  Dep.  Agric.  Soil  Conserv. 
Serv.  Wash.,  B.C. 

(31)  Titus,  Gerald  R. 
1940.  So-called  2-year  seeds  germinated  first 

year.  Am.  Nurseryman.  72:  22. 
(32)  USDA  Forest  Service. 

1948.  Woody-plant  seed  manual.  U.S.  Dep. 
Agric.  Misc.  Publ.  654,  416  p. 

(33)  Van  Dersal,  William  R. 
1938.  Native  woody  plants  of  the  United 

States:  their  erosion-control  and  vildlife 
values.  U.S.  Dep.  Agric.  Misc.  Publ.  303, 362  p. 

(34)  Whittaker,  R.  H. 
1962.  Net  production  relations  of  shrubs  in 

the  Great  Smoky  Mountains.  Ecol.  43:  357- 
377. 

850 



VITEX 

Verbenaceae— -Verbena  family 

VITEX  AGNUS'CASTUS  L.        Lilac  chastetree 

by  C.  S.  Schopmeyer 

Other  common  names.— chaste-tree,  monks' 
pepper-tree,  hemp-tree  {2). 

Growth  habit,  occurrence,  and  use, — Native 
to  southern  Europe,  lilac  chastetree  is  a  de- 

ciduous, strongly  aromatic  shrub  or  small  tree. 
It  is  one  of  the  few  out  of  about  100  species  in 
the  genus  that  is  native  to  the  temperate  zones ; 
most  of  the  species  are  tropical  or  subtropical 
{2).  In  Washington  on  the  west  side  of  the 
Cascades,  it  grows  to  a  height  of  6  feet  increas- 

ing in  more  southerly  latitudes  to  a  height  of 
25  feet  in  the  low  desert  of  southern  California 
{10).  Multiple  stems  support  a  broad  spreading 
form,  but  shade  trees  with  a  single  stem  can 
be  developed  by  pruning  {10).  In  the  eastern 
United  States  the  species  is  hardy  as  far  north 
as  New  York  {1,  5).  It  has  been  cultivated  as 
an  ornamental  in  southern  Europe,  the  Middle 
East,  India,  and  Brazil  (.5).  Introduced  as  an 
ornamental  into  the  United  States  in  1570  (7), 
the  species  has  potential  value  for  shelterbelts 
{3). 

Since  the  days  of  Dioscorides  in  the  first 
century  A.D.,  seeds  of  this  species  have  been 
notorious  for  their  ability  to  subdue  the  sex- 

ual urge  in  man,  hence  the  name — chastetree 
(5,  6).  This  property  was  recognized  as  being 
useful  to  celibates  and  this  in  turn  led  to  the 

name — monks'  pepper-tree.  Because  of  the 
aromatic  pungency  of  fresh  seeds,  however, 
some  people  have  considered  the  seeds  as  having 
aphrodisiac  properties. 

Varieties. — Typical  plants  of  the  species  have 
lavender  flowers  but  two  other  varieties  have 
been  cultivated  in  the  United  States  (7).  White 
chastetree,  var.  alha  West.,  has  white  flowers. 
Hardy  lilac  chastetree,  var.  latifolia  (Mill.) 
Loud.,  is  characterized  by  broader  leaflets  and 
greater  cold-hardiness.  In  addition,  a  form  with 
pink  flowers,  f.  rosea  Rehder,  has  been  prop- 

agated (7). 
Flowering  and  fruiting. — The  fragrant 

flowers  occur  in  dense  spikes  about  7  inches 
long  and  bloom  during  the  late  summer  and 
autumn  in  the  United  States   {2).  In  Europe, 

flowering  occurs  from  June  to  September  (5,  6). 
The  pungent  fruits  are  small  drupes  about  i/g 
to  •■'•],;  inch  (3  to  4  mm.)  in  diameter  and  ripen 
in  late  summer  and  fall  {S,  9).  Good  seed  crops 
occur  almost  every  year  {3).  Each  drupe  con- 

tains a  rounded  four-celled  stone  about  Mt  inch 
long,  brownish  to  purple  brown  in  color,  fre- 

quently partially  covered  with  a  lighter  colored 
membranous  cap.  Each  stone  may  contain  from 
one  to  four  seeds  {8,  9,  fig.  1). 

Figure  1. — Vitex  agnus-castus,  lilac  chastetree:  A,  fruit, 
10  X  ;  B,  transverse  section  through  two  seeds  within 
a  fruit,  10  X  ;  C,  cleaned  seed,  12  X  ;  D,  longitudinal 
section  through  a  seed.  Embryo  occupies  entire  seed cavity. 
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Collection  of  fruits;  extraction  and  storage 
of  seeds. — The  fruits  may  be  gathered  in  late 
summer  or  early  fall  by  picking  them  from  the 
shrubs  by  hand,  or  by  flailing  or  stripping  them 
onto  canvas  or  plastic  sheets.  Seed  can  be  re- 

moved by  running  the  fruits  dry  through  a 
macerator  and  fanning  to  remove  impurities 
(5).  Yield  per  100  pounds  of  fruit  is  about  75 
pounds  of  cleaned  seed.  Number  of  cleaned  seed 
per  pound  ran  from  34,000  to  59,000  in  4 
samples  {8,  9).  Purity  in  2  samples  w^as  80 
percent  and  average  soundness  in  4  samples  was 
55  percent.  In  one  test  seed  was  stored  in  moist 

sand  and  peat  at  41°  F.  for  1  year  with  no  loss 
of  viability  {8,  9). 

Germination. — Stored  seeds  exhibit  dormancy 
which  may  be  overcome  by  stratification  in 

moist  sand  and  peat  for  90  days  at  about  41°  F. Germination  tests  should  be  made  in  sand  flats 

for  40  days  at  70°  (night)  to  85°  (day)  {8,  9). 
Germinative  energy  with  stratified  seed  was 
18  to  60  percent  in  10  to  22  days  (3  tests). 
Germinative  capacity  with  untreated  seed  was 
0.4  percent  in  71  days  (1  test) ;  with  stratified 
seed,  20  to  72  percent  (3  tests)   (S,  9). 

In  another  test,  fresh  seed  collected  in  Jan- 
uary in  southern  California  was  sown  without 

treatment  in  February  in  a  greenhouse  in  Iowa. 
Germination  was  completed  (percentage  not 
stated)  by  April  20  when  seedlings  were  2 
inches  tall  (^).  Germination  is  epigeal  (^,  fig, 
2). 

Nursery  practice. — Stratified  seed  of  lilac 
chastetree  should  be  sown  in  the  spring,  and 
covered  with  one-fourth  inch  of  soil.  On  the 
average,  about  16  percent  of  the  viable  seed 
sown  produce  usable  2-0  seedlings  (5).  It  has 
been  frequently  propagated  by  greenwood  cut- 

tings under  glass  and  by  layers  {1). 
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Vitaceae — Grape  family 

VITIS  LABRUSCA  L.  Fox  grape 

by  F.  T.  Bonner  '  and  John  A.  Crossley  - 

Other  common  names. — northern  fox  grape, 
plum  grape,  northern  muscadine,  swamp  grape, 
wild  vine. 

Growth  habit,  occurrence,  and  use. — Vitis  la- 
hrtisca,  a  deciduous,  woody  vine,  is  found  from 
New  England  to  Illinois  and  south  to  Georgia 
and  infrequently,  Arkansas  {1,  7).  It  may  climb 
to  a  height  of  40  feet  (7).  V.  lahrusca  hybridizes 
readily  with  other  Vitis  species,  and  it  has  been 
the  most  important  grape  in  the  development  of 
North  American  viticulture  (7).  The  wild  vines 
are  important  as  food  for  wildlife. 

Flowering  and  fruiting. — The  dioecious  flow- 
ers are  both  borne  in  short  panicles,  2  to  4 

inches  long,  in  May  or  June.  The  fruit  clusters 
usually  have  fewer  than  20  globo.se  berries,  i{. 
to  1  inch  in  diameter.  They  mature  in  August  to 
October  and  drop  singly.  Mature  berries  are 
brownish  purple  to  dull  black  and  contain  2  to  6 
browmish,  angled  seeds,  ̂ \  to  ̂ /^  inch  long  (7) 
(figs.  1  and  2). 

Collection,  extraction,  and  storage  of  seeds. — 
Ripe  fruits  can  be  stripped  from  the  vines  by 
hand  or  shaken  onto  canvas  sheets.  Specific  in- 

structions  for   extraction    and   storage   of    V. 

'  Southern  Forest  Exp.  Stn. 
-  Northeastern  Forest  Exp.  Stn. 

lahrusca  seeds  are  not  available,  but  methods 
used  in  woi'king  with  other  grapes  should  suffice. 
Successful  extractions  can  be  made  by  placing 
fruits  in  screen  bags  (approximately  14  mesh) 
and  directing  a  solid  stream  of  water  of  about 
400  pounds  pressure  on  the  fruits.  Skins  and 
pulp  are  removed,  and  most  of  the  material  will 
be  washed  through  the  screen.  The  remaining 
fragments  can  be  washed  off  in  a  pail  of  water 
(<S).  Seeds  can  also  be  extracted  by  running 
fruits  through  a  macerator  or  hammer  mill  with 
water  and  washing  the  pulp  away  {6).  Six 
samples  of  V.  lahrusca  seeds  ranged  from 
14,920  to  15,430  per  pound  at  a  moisture  content 
of  10  percent;  the  average  was  15,070  seeds 
(2).  No  storage  data  are  available  for  V. 
lahrusca,  but  other  Vitis  species  have  been 
stored  successfully  for  26  months  at  41°  F.  in sealed  containers  (6). 

Pregermination  treatments. — Vitis  seeds  ex- 
hibit dormancy  that  can  be  overcome  by  moist 

stratification  just  above  freezing  for  120  to  210 

rSmm, 

•-0 

Figure  1. — Vitis  labrusca,  fox  grape:  seeds,  4   x. 
Figure  2. — Vitis  riparia,  riverbank  grape:  longitudinal 

section  through  a  seed,  12  x . 
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days  (3,  A).  Soaking  stratified  seeds  in  solutions 
of  nutrients  or  growth  substances  for  12  hours 
prior  to  sowing  has  also  been  reported  as  helpful 
in  Europe  (5). 

Nursery  practice. — Seedlings  rarely  run  true 
to  type ;  hence,  propagation  by  cuttings  is  com- 

mon (7). 

Literature  and  Other  Data 
Sources  Cited 

(1)  Billington,  Cecil. 
1943.  Shrubs  of  Michigan.  Cranbrook  Inst.  Sci. 

Bull.  20,  249  p. 

(2)  Crossley,  John  A. 
Data  filed  1970.  USDA  Forest  Serv.,  Northeast. 

Forest  Exp.  Stn.,  Warren,  Pa. 

(3)  Dolzova,  H.  E. 
1960.  The  efi'ects  of  storage  conditions  of  grape 

seeds  on  germination  and  growth  of  the 
seedlings.  Hortic.  Abstr.  30  (1848). 

(4)  Mamarov,  P.,  Ivanov,  J.,  and  Katerov,  K. 
1959.  The  effect  of  presowing  treatment  of 

vine  seeds  on  germination.  Hortic.  Abstr. 
29(2222). 

(5)  Simonov,  I.  N. 
1963.  [The  influence  of  micro-elements  and 

growth  substances  on  seed  germination  and 
seedling  growth  of  vines.]  (In  Russian.) 
Venodelie  i  Venogradarstvo,  23(4)  :  35-7. 
[Hortic.  Abstr.  34(518),  1964.] 

(6)  USDA  Forest  Service. 
1948.  Woody-plant  seed  manual.  U.S.  Dep. 

Agric.  Misc.  Publ.  654,  416  p. 
(7)  Vines,  Robert  A. 

1960.  Trees,  shrubs,  and  woody  vines  of  the 
Southwest.  1,104  p.  Univ.  Texas  Press,  Aus- tin. 

(8)  Weinberger,  John  H. 
Correspondence,  Nov.  25,  1970.   USDA   Agric. 

Res.  Serv.,  Hortic.  Field  Stn.,  Fresno,  Calif. 

854 



WASHINGTONIA 

Palmaceae—Palm  family 

WASHINGTONIA   FILIFERA  (Linden)  H.  Wendl. 
California  washingtonia 

by  Stanley  L.  Krugman  ^ 

Synonyms. — Washingtonia  arizonica  0.  F. 
Cook,  Washingtonia  filameutosa  (H.  Wendl.) 
Kuntze,  Neowashingtonia  filifera  (Wendl.)  Sud- 
worth. 

Other  common  names. — California  Washing- 
ton-palm, desert-palm,  California  fan-palm,  Cali- 

fornia-palm. 
Growth  habit,  occurrence,  and  use. — The  Cali- 

fornia washingtonia  is  the  only  palm  native  to 
California  and  is  the  largest  of  native  palms  in 
the  United  States  (1).  The  sturdy,  massive, 
cylindrical  trunk  growing  to  a  height  of  60  to 
75  feet  tapers  very  gradually  from  a  diameter 
of  20  to  36  inches  at  the  base  to  slightly  less  at 
the  top.  It  has  a  broad  open  crown  with  as  many 
as  50  fan-shaped,  much-folded  leaves  with  peti- 

oles as  long  as  5  feet.  Dead  leaves  may  remain  on 
the  trunk  for  many  years,  forming  a  dense 
thatchlike  shroud  about  the  trunk  down  to 

within  a  few  feet  of  the  ground  (9).  This  spe- 
cies is  native  to  the  rocky  stream  beds  or  near 

other  sources  of  water  bordering  the  Colorado 
Desert  of  southeastern  California ;  in  Yuma 
County,  Arizona;  and  in  northern  Baja  Cali- 

fornia, Mexico  (1).  It  is  now  widely  planted  in 
southern  California,  Arizona,  Te.xas,  and  the 

1  Gulf  States  for  ornamental  and  environmental 
:  forestry  purposes  along  roads,  or  in  small 
;  stands. 

j      Flowering  and  fruiting. — In  August  small  but 
i  showy  clusters  of  white,  vase-shaped  flowers  are 

'i  borne,  enclosed  initially  by  a  spathe   (Jf).  The mature  flower  stalk  may  average   12   feet   in 
length  and  extend  almost  horizontally  in  the 
crown  (1).  The  flowers  are  perfect  and  occur 
annually    in    great   abundance    once    the    tree 

reaches   I'eproductive   maturity.   The   calyx   is 
tubular  and  the  corolla  funnel-shaped  with  the 
j  stamens  inserted  in  its  tube  (4). 
!     The  fruit  and  seed  mature  during  December 
and  January.  The  ripe  fruit  is  a  spherical  or 
elongated  black  berry  about  three-eights  to  half 
an  inch  long,  with  a  thin  flesh  surrounding  a 
single  seed  (4,  ■>).  The  seed  is  a  pale,  chestnut 

'Timber  Management  Research,  USDA  Forest  Serv- ice. 

color  about  one-fourth  to  one-third  inch  (6  to 
8  mm.)  long  by  one-eighth  inch  (3  mm.)  thick, 
with  about  5,000  to  6,000  seeds  per  pound  (P). 
It  is  flattened  somewhat  on  the  ventral  side 

(fig.  1).  The  embryo  is  lance-shaped,  the  endo- 
sperm horny,  and  the  seedcoat  thin  (4).  The 

seeds  are  mature  at  the  time  of  fruit  drop. 
Extraction  and  storage  of  seeds. — The  fleshy 

covering  on  the  seeds  should  be  removed  in  a 
macerator.  The  cleaned  seed  then  may  be  stored 
or  sown  immediately.  Seeds  should  not  be  per- 

mitted to  dry  out  {2).  Seeds  of  this  species  have 
been  stored  successfully  in  sealed  containers  at 
41  F.  up  to  6  years  {8),  but  long-term  storage 
of  this  seed  is  not  recommended. 

Germination  and  nursery  practice. — Fresh 
seeds  with  no  treatment  before  sowing  have 

8mm 

^0 

Figure  1. — Washingtonia  filifera,  California  washing- 
tonia: longitudinal  section  through  the  embryo  of  a 

seed,  10  X. 
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germinated  between  80  and  100  percent  in  4  to 
15  weeks  {3,  6).  Seeds  stored  as  long  as  5  years 
also  germinated  well,  87  percent  without  a  pre- 
treatment ;  but  the  time  to  reach  maximum  ger- 

mination was  reduced  when  stored  seeds  were 

stratified  at  41°  F.  for  12  weeks  before  sowing 
(8).  Fresh  or  stratified  seeds  can  be  sown  di- 

rectly in  a  well-drained  seedbed  out  of  doors,  or 
in  flats  or  other  containers.  Many  growers  pre- 

fer to  sow  the  seed  in  a  peat-moss  and  sand  mix- 
ture or  in  just  sand.  Depth  of  cover  has  been 

%.  to  1/2  inch,  or  a  depth  equivalent  to  the  thick- 
ness of  the  seed  (6).  Bottom  heat  for  the  con- 

tainers has  been  recommended  to  speed  ger- 
mination, and  is  also  recommended  during 

periods  when  cold  nights  can  occur  (5,  7). 
Germination  is  hypogeal  (10).  When  the  seed 

germinates  the  shoot  grows,  but  the  seed  re- 
mains underground.  With  the  appearance  of  an 

elongated  second  leaf,  seedlings  should  be  trans- 
planted to  individual  containers  containing  a 

soil  mix  enriched  with  leaf  mold  (7).  The  trans- 
plants should  be  grown  in  partial  shade  to 

prevent  the  young  seedlings  from  excessive 
drying.  During  the  subsequent  growing  period 
the  seedlings  should  be  acclimated  to  heat  by 
gradually  removing  the  shade. 
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Liliaceae — Lily  family 

YUCCA  (L.)  Yucca 

by  Robert  R.  Alexander  ^  and  Floyd  W.  Pond  ̂  

YUCCA 

Growth  habit  and  occurrence. — There  are 
about  30  species  of  Yucca  native  to  North 
America  and  the  West  Indies.  While  most  of 

these  long'-lived,  evergreen  plants  grow  in  the 
arid  southwestern  United  States  and  on  Mex- 

ican tablelands,  yuccas  are  found  up  to  8,000 
feet  in  elevation  in  the  mountains  of  Colorado 
(2,  9).  Only  two  western  species  are  considered 
here  (table  1).  Yucca  glauca  is  a  small  acaules- 
cent  shrub  3  to  6  feet  tall,  with  narrow,  sword- 
shaped,  spine-tipped,  upright  leaves  14  to  V2 
inch  wide.  Y.  elata  is  a  medium  to  large  caules- 

cent shrub  up  to  30  feet  tall,  with  similar  but 
wider  (2  inches)  and  longer  leaves   (i 

r>). 

Natural  reproduction  by  seed  is  limited  because 
of  low  rainfall  (7,  9).  Most  new  plants  sprout 
from  underground  rhizomes.  Early  growth  of 
seedlings  is  very  slow,  and  they  often  retain 
their  succulent  juvenile  leaves  for  a  year  (9). 
Y.  elata,  seedlings  observed  over  a  period  of  time 
on  the  Jornada  Experimental  Range  in  New 
Mexico  averaged  only  about  8  inches  high  when 
16  years  old  (3). 

Uses. — Y.  data  is  an  important  resource  of 
the  Indians  in  the  Southwest  and  Mexico.  The 
buds,  flowers,  and  emerging  flower  stalks  can 
be  eaten  raw  or  boiled.  The  flower  stalks  can 
also  be  roasted  like  mescal.  Rope,  mats,  sandals, 
baskets,  and  burlap  cloth  have  been  made  from 

Rocky  Mountain  Forest  &  Rang'e  Exp.  Stn. 

the  fibers  of  the  leaves.  The  roots,  known  as 
amole,  have  saponifying  properties  and  have 
been  used  as  a  soap  and  as  a  laxative  (6,  9). 
The  inflorescent  shoots  of  capsular  yuccas  are 
highly  palatable  to  livestock  and  wildlife,  and 
Y.  elata  has  been  used  as  an  emergency  ration 
for  livestock  during  periods  of  drought.  The 
chopped  stems  mixed  with  concentrates,  such 
as  cottonseed  meal,  are  palatable  and  nourish- 

ing (6,  9).  Both  species  have  been  cultivated 
occasionally  as  ornamentals. 

Flowering  and  fruiting. — The  greenish  to 
creamy-white  flowers  are  perfect.  They  appear 
on  terminal  panicles  from  mid-May  to  mid-July 
(table  2).  Under  favorable  environmental  con- 

ditions, plants  begin  bearing  flowers  when 
about  5  to  6  years  old.  Yucca  elata  bears  about 
75  to  200  flowers  per  stalk,  but  only  about  30 

percent  produce  fruits  (3).  The  fruit  is  a  dehis- 
cent capsule  containing  120  to  150  viable  and 

injured,  flat  and  ovoid,  black  seeds  {3,  Jf). 
Capsules  ripen  from  mid-July  to  late  September 
(table  2).  Seeds  (figs.  1  and  2)  are  wind  dis- 

seminated in  September  and  October.  Pollina- 
tion seldom  occurs  without  the  aid  of  a  female 

yucca  moth,  Pronuha  yiiccasella  (Riley)  or 
P)'odoxus  quiiiqiiepinictelh(s  (Chambers).  These 
moths  gather  the  pollen,  place  it  in  the  .stigmatic 
tube,  and  lay  their  eggs.  The  larvae  feed  ex- 

clusively on  the  maturing  seeds,  but  usually 
consume  only  a  small  (20  percent)  part  (2,  U, 
7,  9). 

Table  1. — Yucca:  nomenclature  and  occurrence 

Scientific  names 
and  synonyms 

Common  names Occurrence 

Yucca  elata  (Engelm.) 
Y.  radiosa  (Trell.) 
Y.  angustifolia  radiosa  (Engelm.) 
Y.  angusfifolia  elata  (Engelm.) 

Yucca  glauca  (Nutt. ) 
Y.  angustifolia  (Pursh.) 

soaptree  yucca,  palmilla, 
soapweed,  Spanish- 
bayonet,  datil. 

Great  Plains  yucca, 
beargrass,  soapweed, 
Spanish-bayonet. 

Southwest  Texas,  northwest  to  central 
New  Mexico  and  westward  to  central 
Arizona.  Iron  and  Washington  counties, 
Utah. 

Texas  northward  through  the  Rocky 
Mountains  and  Great  Plains  to 
Montana  and  North  Dakota. 

Table  2. — Yucca:  phenology  of  floivering  and  fruiting 

Species Location 
Flowering 

dates Fruit  ripening- dates 
Seed  dispersal 

dates 
Data 
source 

Yucca  elata 

Yucca  glauca 

Southern  Arizona,  New  Mexico, 
and  Texas. 

-    Eastern  Colorado   

May  15-July  15 

May  15-June  30 

Aug.  1-late  Sept.. 

July-Aug   
Sept.-Oct. 

Sept.     .  . 

6,9 
9 
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Figure  1. — Yucca  data,  soaptree  yucca:  seed,  4  x. 

Collection  of  fruits. — Since  the  capsules  are 
dehiscent,  fruits  should  be  collected  just  before 
or  at  the  time  capsules  open.  They  may  be 
picked  by  hand  or  stripped  from  the  plants 
onto  canvas  (8). 

Extraction  and  storage  of  seeds. — Seeds  are 
easily  extracted  when  the  capsules  are  dry. 
Seeds  can  be  separated  from  the  capsules  by 
hand  if  the  sample  is  small  (<§).  With  larger 
samples,  capsules  should  be  run  through  a 
tumbler,  revolving  box,  or  drum  with  screen 
sides  that  permit  the  seeds  to  fall  out.  Chaff 
and  other  debris  can  then  be  sifted  out.  Clean 
seeds  average  22,680  per  pound  (4  samples) 
for  both  species  (1).  Seeds  have  been  satisfac- 

torily stored  dry  at  room  temperatures. 
Pregermination  treatments. — Pretreatment  is 

apparently  not  needed  for  successful  germina- 
tion (1),  but  there  is  evidence  that  yuccas 

exhibit  some  degree  of  hardseededness  (.9).  The 
germination  period  can  be  reduced  by  soaking 
seeds  in  water  for  24  hours  at  room  tempera- 

tures, or  by  mechanically  scarifying  or  remov- 
ing the  hard  seedcoat  at  the  hilum  end  (.9). 

Germination  tests. — Germination  tests  have 
been  run  at  temperatures  between  82°  and  90° 
F.,  with  soaked  seeds  placed  between  the  folds 
of  moist  cotton.  The  germinative  energy  of 
both  species  after  4  days  varied  from  45  to  98 
percent  (72  samples)  with  the  majority  of  the 
samples  tested  ranging  from  80  to  90  percent 
(.9).  Tests  have  also  been  run  in  flats  in  a  green- 

house with  untreated  seeds.  Germinative  ca- 
pacity after  20  days:  Y.  elata,  96  percent;  Y. 

glauca,  80  percent  {1).  After  5  months,  how- 
ever, only  20  percent  of  the  Y.  glauca  seeds 

sown  had  produced  a  living  seedling,  whereas 
all  the  germinating  Y.  elata  were  still  alive. 

Nursery  practice. — Most  plants  in  botanical 
gardens  or  landscape  planting  have  been  either 
2-  to  3-year-old  wildings  transplanted  from  the 
field  or  vegetative  propagules.  A  few  individuals 
and  private  nurseries  have  raised  plants  of  Y. 
elata  and  Y.  glauca  from  seed.  Good  germina- 

6  mm 

Figure  2. — Yucca   elata,   soaptree   yucca:    longitudinal 
section  through  the  embryo  of  a  seed,  10  X. 

tion  was  obtained  by  soaking  seeds  in  water  at 
room  temperature  for  at  least  24  hours  before 
sowing  in  the  spring.  Germination  usually  be- 

gins in  1  to  2  weeks  but  may  continue  for  2  to 
3  years.  Seedlings  should  be  mulched  the  first 
winter  if  there  is  danger  of  frost.  Seedlings 
should  be  ready  for  outplanting  the  second  year 

(5,  9). 
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ZANTHOXYLUM 

Rutaceae — Rue  family 

ZANTHOXYLUM  L. 

bv  F.  T.  Bonner  ^ 

Prickly-ash 

Growth  habit  and  use. — Most  of  the  prickly- 
ashes  are  large  shrubs  or  small  trees.  The  two 
species  considered  here  are  listed  in  table  1. 
In  some  areas  they  provide  food  and  cover  for 

^  Southern  Forest  Exp.  Stn. 

wildlife  (8).  Their  deciduous  foliage  is  very 
aromatic,  and  the  bark  and  fruit  were  once 
used  for  medicinal  purposes,  both  as  home 
remedies  and  in  the  drug  industry  (S). 

Flowering  and  fruiting. — The  greenish-white 
dioecious  liowers  are  borne  in  inconspicuous 
axillary  cymes  on  Zmithoxjibrm  americanum 
and  in  lai'ge  terminal  cymes  on  Z.  clava-hercuUs 
(fig.  1)  (8).  Phenological  data  are  in  table  2. 
Zanthoxyhim  fruits  are  globose,  single-seeded 
capsules  %  to  ̂ 4  inch  in  diameter.  During 
ripening,  they  turn  from  green  to  reddish 
brown.  At  maturity,  the  round,  black,  shiny 
seeds  hang  from  the  capsules  (figs.  1,  2,  and  3). 

Figure  1. — Zanthoxylum  dava-hercuUs,  Hercules-club: 
cluster  of  mature  fruits,  1  X . 

Figure  2. — Zanthoxylum  dax^a-herculis,  Hercules-club: 
single  carpel  and  seed,  4  X . 

Table  1. — Zanthoxylum:  nomenclature,  occurrence,  and  size 

Scientific  names 
and  synonyms 

Common  names Occurrence 
Height 

at maturity 
Data 

compilers 

Feet 

Z.  americanum  Mill       common  prickly-ash. Quebec  to  North  Dakota, 

25  (1) 

R.  L.  Barnes. 
Z.  fraxineum  Willd. toothache-tree. south  to  Oklahoma  and 
Xanthoxylum  americanum northern  prickly-ash. Georgia. 

Mill. 

Z.  clava-herculis  L. Hercules-club, Oklahoma  and  Virginia,  south 
30-50  (5) 

F.  T.  Bonner. 
var.  clava-herculis. Hercules-club  prickly- 

ash,  toothache-tree, 
southern  prickly-ash, 
sea-ash, 

pepper- wood. 

to  Florida  and  Texas. 
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ZANTHOXYLUM 

Figure  3. — Zanthoxylum  americanum,  common  prickly- 
ash:  longitudinal  section  of  a  seed  (left)  and  exterior 
view  (right),  6  X. 

Table  2. — Zanthoxylum:  phenology  of 
flowering  and  fruiting 

Species 
Flowering 

dates 

Fruit 
ripening 
dates 

Data 
source 

Z .  americanum    April-May        June-August      3,7 
Z.  clava-herculis      April-June       July-Sept       ^ 

■  Icm. 

Collection,  extraction,  and  storage. — Seeds 
may  be  stripped  from  mature  fruit  clusters  by 
hand  as  the  capsules  open,  or  entire  clusters  of 
Z.  clava-herculis  may  be  picked.  Unopened  cap- 

sules will  discharge  their  seeds  with  gentle 
flailing  after  several  days  of  air-drying.  Seeds 
can  be  separated  from  capsule  fragments  by 
screening  or  fanning  (2,  7)  (table  3).  Z.  amer- 

icanum seeds  showed  practically  no  loss  in 
germinability  after  25  months  of  storage  in 

sealed  containers  at  41'   F.  (7). 
Germination. — Zanthoxylum  seeds  exhibit 

strong  dormancy,  some  of  which  is  apparently 
imposed  by  the  seedcoat.  Scarification  with 
concentrated  sulfuric  acid  for  2  hours  at  about 

Figure  4. — Zanthoxylum  americanum,  common  prickly- 
ash:  seedling  development  at  1,  3,  13,  and  18  days 
after  germination. 

70°  F.  has  given  fair  results  for  Z.  clava-her- 
culis {2).  Stratification  in  moist  sand  for  120 

days  at  41°  F.  has  helped  germination  of  Z. 
americanum  (6).  Germination  of  treated  seeds 
of  both  species  has  been  tested  at  diurnally 

alternating  temperatures  of  68°  to  86°  F.  (table 
4). 

Nursery  practice. — Until  more  effective  pre- 
germination  treatments  are  developed,  fall- 
sowing  of  untreated  seed  immediately  after 
collection  is  recommended.  Germination  is 

epigeous  (fig.  4).  Propagation  from  root  cut- 
tings and  suckers  is  also  possible   (7). 

Table  3. — Zanthoxylum:  cleaned  seeds  per  pound 

Species Place  of  collection Seed 
moisture 

Cleaned 
Range 

seeds  per  pound Average 
Samples _    Data 

source 

Z.  americanum     __ 
Z.  clava-herculis 

Minnesota   
_  .  Mississippi   

Percent 
10 

Number 

21,808-32,919 
15,000-16,800 

Number 

25,619 
15,900 

Number 
3 
2 

6 
2 
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ZANTHOXYLUM 

Table  4. — Zanthoxylu7n:  germination  test  conditions  and  results 

Preger- mination 
treatment 

Germination  test  conditions Daily 

light 

period 

Medium 
Temperature 

Day 

Night Dura- tion 

Germinative 
energy 

Germinative 

capacity  Data 
source 

Amount        Period        Average       Samples 

Z.  americanum 
Z.  clava-herculis 

stratified 
H=SO. 

Hotirs 

24       sand 
blotter 

paper. 

86 
86 

68 
68 

Days 

60 
45 

Percent 

20 
29 

Days 

20 
19 

Percent        Number 

24 
31 

'  In  moist  sand  at  41°  F.  for  120  days. 
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ZIZIPHUS 

Rhamnaceae — Buckthorn  family 

ZIZIPHUS  Mill.  Jujube 

by  F.  T.  Bonner  i  and  Paul  0.  Rudolf  - 

Growth  habit  and  occurrence. — There  are 
about  40  species  of  this  genus  found  chiefly  in 
the  tropical  and  subtropical  regions  of  the 
world.  Two  species,  which  are  small  deciduous 
trees,  have  been  planted  in  this  country  (table 
1).  Z.  jujuba,  the  one  most  commonly  planted, 
may  grow  to  heights  of  50  feet  at  maturity  (7). 
This  species  was  first  cultivated  in  1640   (6), 

'  Southern  Forest  Exp.  Stn. 
-  North  Central  Forest  Exp.  Stn. 

r25mrr 

y 

endocarp 

/  I     '  \  '■  ■     seed  coat 

i      j       i- — ^endosperm 
I  i    i  iL 

VI  4*=p — cotyledons 
'  ''      '      H  t    1 I  j  j^^      —  hypocoty! 

Figure  1. — Ziziphus  jujuba,  common  jujube:  left,  longi- 
tudinal section  through  two  seeds  in  a  stone;  cen- 

ter, exterior  view  of  seed  after  removal  from  a  stone ; 
right,  exterior  view  of  stone;  all  at  2  X. 

and  has  been  grown  in  this  country  since  the 
latelSOO's  (5). 

Flowering  and  fruiting. — The  perfect,  yellow 
flowers  of  Z.  jitjiiba  appear  in  the  spring 
(March  to  May  in  the  United  States),  and  the 
reddish-brown  fruits  mature  from  July  to  No- 

vember (1,  7).  The  fruits  are  globose  to  slender, 
fleshy  drupes,  which  turn  from  green  to  dark 
reddish  brown  at  maturity  (7).  If  left  on  the 
tree,  the  fruits  of  Z.  jujuba  will  turn  black  {6). 
Common  jujube  drupes  are  1  to  2  inches  long 
and  contain  a  2-celled  and  2-seeded,  deeply 
furrowed,  reddish-brown  to  deep  gray,  oblong, 
pointed  stone  about  %  to  1  inch  long  (fig.  1) 
(5,  6).  Good  fruit  crops  are  borne  annually  {6), 
and  although  they  are  popular  for  human  con- 

sumption in  Asia  and  Europe  (^,  7),  the  fruits 
from  trees  grown  in  the  United  States  have  ap- 

parently not  been  as  edible  (2,  7).  The  flesh  of 
Z.  jujuba  is  crisp,  whitish  in  color,  and  has  a 
sweet  to  subacid  taste  (5). 

Collection,  extraction,  and  storage. — Jujube 
fruits  may  be  picked  by  hand  or  flailed  onto 
canvas  sheets  in  the  fall.  Stones  can  be  cleaned 
by  running  them  through  a  macerator  with 

water  and  floating  ofl"  the  pulp  {6).  The  cleaned 
stones  are  used  as  seeds.  Seed  yields  are  as 
follows : 

Z.  jujuba 

Z.  spina- 
(6) 

christi  (i) 

Cleaned  seeds  per  100 
pounds  of  fruit      _       pounds 25-35 

Cleaned  seeds  per 
pound       number 750 

680 

Table  1. — Ziziphus:  nomenclature,  occurrence,  and  u^es 

Scientific  names 
and  synonyms 

Common  names Occurrence 

Uses 
' 

Z.  jujuba  Mill    common  jujube.  Native  to  Asia,  Africa,  and  southeast  Europe.  Planted  W,  S,  E 
Z.  zizyphus  (L.)  Karst.  jujube-tree,  in  southern  United  States  from  Florida  to  California. 

Chinese  date.  Naturalized  on  Gulf  Coast  from  Alabama  to  Louisiana. 

Z.  spina-christi  Willd.       _   Christ-thorn         Native  to  arid  and  semi-arid  regions  of  Africa  and  H,  S 
western  Asia.  Planted  in  southwestern  United  States. 

'  H :  habitat  or  food  for  wildlife,  S :  shelterbelts,  W :  watershed,  E :  environmental  forestry. 
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No  conclusive  storage  data  are  available  for 
Ziziphus,  but  dry  storage  at  room  temperature 
has  been  successful  for  Z.  spina-christi  (i). 
Dry  storage  in  sealed  containers  at  41'^  F.  has 
been  suggested  for  Z.  j^ijuba  (6). 

Pregermination  treatments. — Ziziphus  seeds 
require  treatment  for  prompt  germination. 
Stratification  in  moist  sand  at  41  F.  for  60 
to  90  days  has  been  recommended  for  Z.  jujnba 
(6).  Very  prompt  germination  was  obtained 
for  seeds  of  Z.  spina-christi  in  Israel  by  soak- 

ing them  for  2  days  in  water  at  70°  to  100°  F. 
Shorter  or  longer  periods  were  not  as  success- 

ful (3). 
Germination  tests. — Gei'mination  tests  with 

seeds  treated  as  described  above  are  summarized 
in  table  2. 

Nursery  practice.— Untreated  stones  of  Z.  ju- 
juba  can  be  sown  in  drills  in  the  fall,  or  stones 
stratified  for  90  days  may  be  sown  in  the  spring. 
They  should  be  covered  with  1  inch  of  soil  (6). 
In  Israel  the  2  days  of  water  soaking  prior  to 
sowing  has  been  recommended  for  Z.  spina- 
christi  (3).  Intact  fruits  may  also  be  sown  in 
the  nursery  (4).  Germination  is  epigeal  (6). 
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Table  2. — Ziziphus:  germination  test  conditions  and  results 

Species 

Germination  test  conditions Germinative 

energy 

Germinative capacity 

,,    ,.                  Temperature 

Dura- tion 

Data 
^^^^""'          Day 

Night Amount 
Period Average 

Samples 

"  source 

Z.  jujuba   ._ 
Z.  spina-christi  . 

"F. 

-   sand                 

85 
         

100 

70 
100 

Days 

50 
4 

Percent 

65 

Days 

2 

Percent 

31 
85 

Number 

2 
4 

6 
3 
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GLOSSARY 

abortive  imperfectly  or  incompletely  developed  as 
abortive  seed. 

abscission  natural  separation  of  leaves,  flowers,  and 
fruit  from  plants  generally  associated  with  de- 

terioration of  a  specialized  layer  of  thin-walled 
cells. 

afterripening  enzymatic  processes  occurring  in 
seeds,  bulbs,  tubers,  and  fruit  after  harvesting; 
often  necessary  for  germination  or  resumption 
of  growth. 

achene  small,  dry,  nonsplitting,  one  seeded  fruit 
with  seed  attached  to  ovary  wall  at  only  one  point 
as  in  Cowania  and  Eriogonum;  or  pericarp 
fused  with  calyx  tube  and  embryo  completely, 
filling  the  ovarian  cavity  as  in  Artemesia  and 
Chrysothamnus . 

aggregate  fruit  formed  from  the  several  separate  or 
fused  ovaries  of  a  single  flower,  as  in  Rubus  and 
Magnolia.  Compare  multiple  fruit  and  simple 
fruit. 

allele  one  of  an  array  of  genes  possible  at  a  certain 
position  (locus)  on  a  given  chromosome.  Alterna- 

tive (Mendelian)  eff'ects  on  the  same  character 
are  produced  by  diff'erent  alleles,  e.g.,  as  met  in 
green  or  albino  seedlings.  If  the  array  contains 
more  than  two  genes,  the  genes  are  called  mul- 

tiple alleles.  Multiple  alleles  arise  by  repeated 
mutations  of  a  gene,  each  with  different  effects. 
No  more  than  two  alleles  can  be  present  in  a  given 
diploid  organism. 

ament         see  catkin. 

angiosperm  member  of  the  group  of  plants  having 
seeds  which  develop  in  a  carpellary  ovai-y.  Com- 

pare gymnosperm. 
anthesis  1.  stage  of  full  flower  expansion  or  period 

when  fertilization  occurs.  2.  bursting  of  an- 
thers with  release  of  pollen. 

apomixis  1.  all  forms  of  asexual  reproduction  that 
tend  to  replace  sexual  regeneration.  2.  repro- 

duction from  seeds  or  seedlike  organs  but  without 
fertilization. 

apophysis  1.  an  enlargement  or  swelling  of  the  sur- 
face of  an  organ.  2.  visible  portion  of  a  scale 

in  a  closed  cone. 

aril  exterior  covering  or  appendage  of  certain  seeds 
that  develops  after  fertilization  as  an  outgrowth 
from  the  point  of  attachment  of  the  ovule  as  in 
Celastrus  and  Euonyinus. 

asexual  reproduction  reproduction  by  purely  vegeta- 
tive means  accomplished  in  woody  plants  usually 

by  rooting  stem  cuttings,  air  layering,  grafting, 
or  budding. 

berry  pulpy  indehiscent  fruit  developed  from  a  single 
pistil  and  containing  one  or  more  seeds  but  no 
true  stone  as  in  Ligiisfrum,  Lonicera,  and  Ribes. 

bisexual  having  both  stamens  and  at  least  one  pistil 
in  the  same  flower;  sy7i.  complete  flower,  perfect 
flower.  Compare  unisexual. 

bract  1.  modified  leaf  subtending  a  flower  of  floral 
axis.  2.  modified  leaf  subtending  a  scale  in 
female  cones. 

broadcast  sowing  scattering  seed  uniformly  over  an 
area;    syn.   broadcast   seeding. 

browse  ru  shoots,  twigs,  and  leaves  of  trees  and 
shrubs  eaten  by  livestock  and  wild  animals,  v.t. 
to  eat  such  material. 

bur  prickly  or  spiny  casing  around  a  fruit;  the 
involucre  in  Castanea  and  Fagus. 

calyx  outermost  group  of  floral  parts;  whorl  of 

sepals. 
capsule  dry,  usually  many-seeded  fruit  composed  of 

two  or  more  fused  carpels  that  split  at  maturity 
to  release  their  seeds  as  in  Kalmia,  Koelreuteria 
and  Popidus. 

carpel  simple  pistil  or  single  member  of  a  compound 

pistil. 
carpellary         pertaining  to  a  carpel. 
carpellate         having  carpels. 

catkin  spike  of  unisexual  flowers  or  fruits  with  im- 
bricated scaly  bracts  as  in  Alnus  and  Betula.  syn. 

anient.  Compare  strobile. 
certified  seed  seed  attested  by  a  recognized  certify- 

ing agency  to  be  from  trees  of  proven  genetic 
superiority,  as  defined  by  that  agency,  and  pro- 

duced so  as  to  assure  genetic  identity,  syn.  elite 
seed.  Compare  selected  seed  and  source-identified seed. 

cline  a  gradual  change  in  a  phenotypic  characteristic 
among  individuals  of  a  population;  usually  as- 

sociated with  a  gradient  in  an  environmental 
factor  over  the  range  of  the  population. 

clone  group  of  genetically  identical  plants  produced 
by  vegetatively  propagating  a  single  plant  over 
one  or  more  vegetative  generations;  accomplished 
in  woody  plants  by  rooting  stem  cuttings,  budding, 
grafting,  or  air  layering.  Compare  ortet,  ramet. 

combining  ability  capacity  of  a  parent  in  crosses 
with  other  parents  to  transmit  genes  for  a  specific 
character.  Good  general  combinmg  ability  (GCA) 
of  a  parent  signifies  high  average  performance 
of  its  progenies  in  various  crosses,  as  compared 
to  progenies  of  other  parents  in  the  same  test. 
The  "breeding  value"  of  a  parent  is  twice  its 
GCA.  Good  specific  combining  ability  (SCA)  re- 

fers to  two  parents  which,  when  crossed  together, 
produce  progeny  better  than  expected  on  the  basis 
of  the  parental  GCA  values. 

cone  1.  one  of  the  reproductive  structures  of  conifers. 
A  female  cone  consists  of  a  central  axis  support- 

ing imbricated  bracts  each  of  which  subtends  a 
scale  bearing  naked  (noncarpellate)  seeds.  A  male 
cone  consists  of  a  central  axis  supporting  spirally 
arranged  microsporophylls  each  of  which  bears 
pollen  sacs  containing  pollen  grains,  syyi.  stro- 
bilus.  2.  any  seed-bearing  structure  having  a 
conical  shape  as  in  Magnolia  and  Liriodendron. 

conelet  immature  female  cone  of  gymnosperms, 
sometimes  described  as  a  flower. 

corolla  inner  set  of  floral  leaves  consisting  of  sep- 
arate or  fused  petals  that  surround  the  carpels. 

corymb  a  flat-topped  floral  cluster  as  in  Rhododen- dron and  Kalmia. 
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cotyledons  first  leaves  developed  in  the  embryo  of 
a  seed.  They  may  contain  stored  food  for  the 
initial  growth  of  the  seedling  as  in  the  dicotyl- 

edonous genus  Quercus  or  they  may  become 
functional  leaves  after  germination  as  in  the 
polycotyledonous  genus  Pinus. 

cyme  flower  cluster  having  main  and  secondary 
axes  each  terminating  in  a  single  flower  as  in 
Sambucus,  Viburmon,  and  Sorbus. 

deciduous  falling  off  at  the  end  of  the  growing  sea- 
son, as  deciduous  leaves,  or  at  certain  stages  of 

development,  such  as  flower  petals  after  fertiliza- 
tion of  the  ovules,  or  female  cones  after  seeds  are 

disseminated. 

dehiscence  splitting  open  at  maturity  to  discharge 
contents  as  a  capsule  discharging  seeds  or  an 
anther  discharging  pollen.  Compare  anthesis. 

determinate  flowering  terminal  flowers  bloomings 
slightly  in  advance  of  their  nearest  associates. 
Compare  indeterminate  flowering. 

dichogamy  maturation  of  male  and  female  organs 
on  the  same  plant  at  diff^erent  times. 

dioecious  having  staminate  (male)  flowers  and  pis- 
tillate (female)  flowers  borne  on  diff^erent  indi- 
vidual plants  as  in  Acer,  Fraxinus,  and  Ilex. 

Compare  monoecious. 
diploid  refers  to  the  number  of  chromosomes  in  body 

cells — two  times  the  number  in  reproductive  cells. 
dormancy  1.  general  term  for  instances  when  a  living 

tissue  that  is  predisposed  to  grow  does  not  do  so. 
2.  in  seeds,  a  state  that  prevents  germination 
under  environmental  conditions  favorable  for 
growth.  Compare  seedcoat  dormancy,  internal 
dormancy,   and   double  dormancy. 

double  dormancy  internal  dormancy  combined  with 
seedcoat  dormancy. 

drupe  fleshy,  usually  one-seeded,  indehiscent  fruit 
with  seed  enclosed  in  a  hard,  bony  endocarp  as 
in  ChionaiJthus,  Cormis,  and  Prunus.  syn. 
stone  fruit. 

ecotype         see  race. 

embryo  dormancy         see  internal  dormancy. 
endocarp  inner  layer  of  the  pericarp;  e.g.,  the  hard, 

bony  part  of  the  fruit  of  Prunus. 

endosperm  storage  tissue  surrounding  the  embryo  in 
a  seed  and  consisting  of  thin-walled  cells  rich 
in  carbohydrates;  usually  triploid  from  a  sep- 

arate fertilization  in  angiosperms,  but  haploid 
from  female  tissue  in  seeds  of  gymnosperms. 

epicarp         see  exocarp. 

epicotyl  portion  of  the  axis  of  a  plant  embryo  or 
seedling  stem  above  the  cotyledons.  Compare 
plumule. 

epigeal  type  of  seed  germination  in  which  the 
cotyledons  are  forced  above  the  ground  by  elon- 

gation  of  the   hypocotyl.    Compare   hypogeal. 
exocarp  outermost  layer  of  pericarp;  the  skin  on 

fleshy  fruits  as  in  Cornus,  Malus,  and  Prunus. 
syn.  epicarp. 

extraction  factor  weight  of  cleaned  seed  expressed 
as  a  percentage  of  the  weight  of  the  fresh  fruit 
from  which  the  seeds  were  extracted. 

Fi  first  filial  generation  of  off"spring  from  a  cross between  two  parents. 

F:  second  filial  generation  of  off'spring  produced  by 
intercrossing  or  selfing  among  the  F,  individuals. 

female  cone         see  cone. 

fertilization  penetration  of  a  pollen  tube  through  the 
embryo  sac  into  the  ovule  (egg  cell),  discharge 
of  the  male  nucleus  into  the  ovule,  and  union  of 
the  male  nucleus  with  that  of  the  ovule. 

follicle  dry,  one-celled  fruit  splitting  open  only  on 
one  side  as  in  the  individual  fruits  of  a  Magnolia 
cone  and  the  single  fruits  of  Zanthoxylum. 

fruit  reproductive  unit  of  a  seed-bearing  plant  de- 
veloped after  fertilization  by  a  sperm  cell  from 

a  pollen  grain;  fruit  includes  the  ripened  ovary 
and  all  of  its  associated  protective  covers,  ap- 

pendages, and  supporting  structures. 
fruit  wall  1.  outer  layer  of  fruits  in  which  pericarp 

is  not  distinguishable  from  the  seedcoat  as  in  the 
achenes  of  Baccharis.         2.  synonym  for  pericarp. 

full  seeds  those  filled  with  tissue  having  a  normal 
appearance  as  distinguished  from  empty  or  par- 

tially empty  seeds.  Compare  sound  seeds. 
funiculus         stalk  of  an  ovule. 

genetic  gain  average  improvement  among  progeny 
over  the  mean  for  the  parents  with  respect  to 
the  characteristics  used  in  selecting  the  parents. 

genotype  1.  an  individual's  hereditary  constitution, 
with  or  without  phenotypic  expression  of  the  one 
or  more  characters  it  underlies.  The  genotype  is 
determined  chiefly  from  performance  of  progeny 
and  other  relatives.  It  interacts  with  the  environ- 

ment to  produce  the  phenotype.  2.  Individ- 
uals) characterized  by  a  certain  genie  constitu- 

tion. Compare  phenotype. 

geographic  race         see  race. 
germination  resumption  of  active  growth  in  the 

embryo  of  a  seed  as  demonstrated  by  the  protru- 
sion of  the  radicle.  In  seed  testing,  the  develop- 

ment of  plant  parts  that  indicate  a  potential  for 
developing  into  a  normal  plant. 

germination  percentage         see  germinative  capacity. 
germination,  real  percentage  of  sound  seeds  that 

germinate. 
germinative  capacity  percentage  of  seeds  that  ger- 

minate during  a  period  of  time  ending  when 
germination  is  practically  complete.  syji.  ger- 

mination percentage. 

germinative  energy  percentage  of  seeds  that  germi- 
nate during  a  specified  time  interval  that  is  de- 

termined by  the  peak  rate  of  germination. 

gene  hereditary  unit  that  occupies  a  fixed  position 
on  a  chromosome  which  through  transcription 
has  a  specific  efltect  on  the  phenotype. 

glabrous         smooth;  without  hairs  or  down. 

glaucous  having  a  powdery  or  waxy  coating  that 
gives  a  frosted  appearance  and  tends  to  rub  off. 

globose  approximately  or  completely  spherical;  glob- ular. 

gymnosperm  member  of  the  group  of  plants  having 
naked  seeds  borne  on  the  scales  of  a  cone,  on 
the  megasporophylls  of  other  types  of  strobili,  or 
singly  with  arils  as  in  Torreya  and  Taxus.  Com- 

pare angiosperm. 
haploid  refers  to  the  number  of  chromosomes  in 

reproductive  cells — half  the  number  in  body  cells. 
head  densely  packed  cluster  of  stalkless  flowers  as 

in  Cornus,  Baccharis,  and  Cephalanthus.  syn. 
capitulum. 

heterozygous  having  one  or  more  sets  of  unlike 
alleles,  e.g.,  the  dominant  with  the  recessive  gene. 
Thus,  an  Aa  plant  is  heterozygous  whereas  the 
AA's  and  aa's  are  homozygous.  A  heterozygote 
does  not  generally  breed  true  and  is  known  as  a 
hybrid  with  respect  to  the  genes  in  question.  Com- 

pare homozygous. 

hilum  scar  on  a  seed  marking  the  point  of  attach- 
ment to  the  ovary  in  angiosperms  or  to  the 

megasporophyll  of  gymnosperms. 
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homozygous  having  one  or  more  sets  of  like  alleles, 
e.g.,  both  dominant  (AA),  or  both  recessive  (aa). 
A  homozygote  breeds  true  when  mated  with  the 
same  genotype.   Compare  heterozygous. 

husk  outside  envelope  of  a  fruit,  especially  if  coarse, 
harsh,  or  rough  as  in  the  involucre  of  Carya. 

hypocotyl  part  of  the  axis  of  an  embryo  or  stem  of 
a  seedling  between  the  cotyledons  and  the  radicle. 

hypogeal  type  of  seed  germination  in  which  the 
cotyledons  remain  below  the  ground  while  the 
epicotyl  elongates  as  in  Juglans,  Quercus  and 
Torreya. 

inflorescence  floral  axis  with  its  appendages;  flower 
cluster. 

indehiscent  refers  to  dry  fruits  that  normally  do  not 
split  open  at  maturity. 

indeterminate  flowering  flowers  opening  progres- 
sively from  the  base  of  an  inflorescence.  Compare 

determinate  flowering. 

integument(s)  in  angiosperms,  the  one  or  two  lay- 
ers of  tissue,  often  fused,  that  enclose  the  nucellus 

of  an  ovule  and  that  develop  after  fertilization 
into  one  or  two  seedcoats;  in  gymnosperms,  a 
single  layer  of  tissue  that  encloses  the  nucleus  of 
an  ovule.  In  Pinus,  it  develops  after  fertilization 
into  three  seedcoats,  the  outer  one  of  which  is 
usually  not  distinct  in  harvested  seeds. 

internal  dormancy  dormancy  maintained  by  agents 
or  conditions  within  the  mature  seed. 

involucre  one  or  more  whorls  of  bracts  situated  be- 
low and  close  to  a  flower  or  flower  cluster;  some- 

times enclosing  the  carpels  as  in  Carya,  Castanea, 
and  Fagus. 

legume  dry,  dehiscent,  one-celled  fruit  developed 
from  a  simple  superior  ovary  and  usually  splitting 
into  two  equal  parts  with  the  seeds  attached  to 
the  lower  edge  of  each  pai't.  The  fruit  of  all 
genera  of  the  family  Leguminosae.         syn.  pod. 

maceration  a  process  for  removing  the  soft,  pulpy 
tissue  from   fleshy  fruits. 

male  cone         see  cone. 

mesocarp  middle  layer  of  the  pericarp;  the  pulp  of 
drupes  and  berries. 

micropyle  minute  opening  in  the  integument  of  an 
ovule  through  which  the  pollen  tube  normally 
passes  to  reach  the  embryo  sac;  usually  closed 
in  the  mature  seed  to  form  a  supei'ficial  scar. 

monoecious  having  staminate  and  pistillate  flowers 
on  the  same  plant.  Compare  dioecious. 

multiple  fruit  coalesced  ripened  ovaries  of  several 
distinct  flowers  as  in  Morus.  Compare  aggregate 
fruit  and  simple  fruit. 

nucellus  mass  of  thin-walled  cells  that  composes  the 
central  and  main  part  of  the  body  of  an  ovule 
and  that  contains  the  embryo  sac  and  is  sur- 

rounded by  one  or  more  integuments.  Compare 
perisperm. 

nucleus  a  dense,  spherical,  somewhat  transparent, 
body  in  the  protoplasm  of  plant  and  animal  cells 
that  contains  the  chromosomes. 

nut  dry.  indehiscent,  one-seeded  fruit  with  a  woody 
or  leathery  pericarp  developing  from  an  inferior 
compound  oval■J^  generally  partially  or  wholly 
encased  in  an  involucre  or  husk,  as  in  Quercus, 
Castanea,  Coryhis. 

nutlet  small  nut  as  in  Alnus  and  Betiila;  nutlike 
fruit  or  seed. 

obovoid  inversely  egg  shaped;  ovoid  with  the  broad 
end  toward  the  apex. 

ortet  original  plant  from  which  the  members  of  a 
clone   are  descended.   Compare   ramet. 

ovary  in  angiosperms,  the  basal  portion  of  a  pistil 
that  bears  the  ovules. 

ovoid  egg  shaped  with  the  broad  end  toward  the 
point  of  attachment. 

ovule  a  rounded  outgrowth  of  the  ovary  in  seed 
plants  that  develops  into  a  seed  usually  after 
fertilization. 

panicle  a  compound  raceme  as  in  Chionanthus,  Frax- 
hius,  and  Aesculus. 

parthenogenesis  reproduction  from  an  unfertilized 
ovule;  embryo  may  be  either  haploid  or  diploid. 
See  apomixis. 

parthenocarpy  development  of  fruit  without  viable 
seed;  may  be  induced  with  chemical  growth  reg- ulators. 

pedicel  stalk  of  a  single  flower  within  a  flower 
cluster. 

peduncle  stalk  that  bears  a  flower  or  a  flower 
cluster. 

pericarp  wall  of  a  ripened  ovary  that  is  homogeneous 
in  some  genera  and  in  others  is  composed  of 
three  distinct  layers:  exocarp,  mesocarp,  and 
endocarp.         syn.  fruit  wall. 

perisperm  nutritive  tissue  of  a  seed  derived  from 
the  nucellus  and  deposited  external  to  the  embryo 
sac;  diploid  in  contrast  to  endosperm  which  is 
triploid. 

phenology  study  of  relations  between  seasonal  cli- 
matic changes  and  periodic  biological  phenomena 

as  the  flowering  and  fruiting  of  plants,  leafing, 
growth  flushing,  and  dormancy. 

phenotype  all  characteristics  of  a  plant,  morpho- 
logical, anatomical,  and  physiological;  as  deter- 

mined by  the  interaction  between  genotype  and 
environment. 

pistil  ovule-bearing  organ  of  an  angiosperm  com- 
posed of  ovary,  style,  and  stigma. 

pistillate  having  pistils  but  no  stamens;  female. 
Compare  staminate. 

planting  zone  area  of  reasonably  uniform  growing 
conditions  in  which  plants  from  one  or  more  seed 
sources  are  well  adapted. 

plumule  1.  primary  bud  of  a  plant  embryo  situated 
at  the  apex  of  the  hypocotyl.  2.  portion  of  the 
seedling  axis  above  the  cotyledons  consisting  of 
leaves  and  an  epicotyl  which  elongates  to  form 
the  primary  stem. 

polygamo-dioecious  applied  to  species  that  are  func- 
tionally dioecious,  but  having  a  few  bisexual 

flowers  on  some  of  the  male-flowering  plants  as 
well  as  on  some  of  the  female-flowering  plants. 

polygamo-monoecious  pertains  to  species  that  are 
functionally  monoecious  but  having  a  few  bisexual 
flowers  on  some  individual  plants  that  also  bear 
unisexual  flowers  of  both  sexes. 

polygamous  having  both  bisexual  and  unisexual 
flowers  on  the  same  plant  or  on  different  plants 
of  the  same  species;  pertains  to  species  having 
mostly  bisexual  flowers. 

pome  many-seeded  fruit  of  the  apple  family  consist- 
ing of  an  enlarged  fleshy  receptacle  surrounding 

the  pericarp;  pericarp  papery  and  fleshy  as  in 
Mains  and  Pyrus  or  hard  and  stony  as  in  Cratae- 

gus. 

propagule  any  part  of  a  plant  that  may  be  used  to 
propagate  it,  either  sexually  or  vegetatively. 

provenance,  Fr.  (provenience,  L.)  in  European 
usage,  the  place  where  seeds  were  collected;  in 
North  America,  synonymous  with  seed  source. 

purity  percentage  of  pure  seed,  by  weight  in  a  seed 
lot. 

pyrene  stone  of  a  small  drupe  as  in  Ilex,  Prunus, 
and  Rubiis. 

pyriform         pear-shaped. 
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race  subdivision  of  a  species  distinguished  by  herit- 
able physiological  or  morphological  character- 
istics resulting  from  adaptation  to  a  specific 

environmental  condition  and  which  may  be  de- 
scribed by  geographic  location,  climate,  altitude, 

soil  condition,  or  other  specific  environmental 
factors.         syn.  ecotype.  Compare  strain;  variety. 

raceme  elongated  inflorescence  with  flowers  on  stalks 
of  equal  length  arising  from  a  main  axis  as  in 
Prunus,  Amehnichier,  and  Crataegus. 

rachis         axis  of  an  inflorescence. 

radicle  portion  of  the  axis  of  an  embryo  from  which 
the  root  develops. 

ramet         independent    member    of    a    clone. 
raphe  external  ridge  on  a  seed  developed  from  an 

inverted  ovule  formed  by  the  part  of  the  funiculus 
adnate   to   the  ovule. 

receptacle  end  of  a  flower  stalk  on  which  the  floral 
organs  are  borne. 

roguing  systematic  removal  of  undesirable  trees  in 
a  population;  culling. 

samara  dry,  indehiscent,  winged  fruit,  one-seeded  as 
in  Fraxinus  and  Ulnuts  or  two-seeded  as  in  Acer, 
syn.  key  fruit. 

scarification  pregerminative  treatment  to  make  seed- 
coats  permeable  to  water  and  gases;  accomplished 
usually  by  mechanical  abrasion  or  by  soaking 
seeds  briefly  in  a  strong  acid  or  other  chemical 
solution. 

seed  matured  ovule  containing  an  embryo  and  nu- 
tritive tissue  enclosed  in  layers  of  protective 

tissue  (seedcoat);  capable  undo-  suitable  condi- 
tions of  development  into  a  plant  similar  to  the 

one  that  produced  it. 
seed  certification  guaranty  of  seed  character  and 

quality  by  a  recognized  agency,  usually  evidenced 
by  a  certificate  including  such  information  as 
certification  category,  genuineness  of  species  and 
variety,  year  of  collection,  origin,  purity,  sound- 

ness, and  germinative  capacity.  See  also  certified 
seed,  selected  seed,  source-identified  seed. 

seedcoat  protective  layer  on  a  seed  derived  from  an 
integument;  syii.  testa.  When  two  coats  are  pres- 

ent, the  thick,  tough  outer  coat  is  the  testa  and 
the  thin,  delicate  inner  coat  is  the  tegmen.  The 
testa  in  some  genera  is  fused  to  the  pericarp  as  in 
Carya  and  Jnglavs. 

seedcoat  dormancy  dormancy  imposed  on  seeds  by 
j  their  own  seedcoats  through  their  impeiTneability 

to  water  or  gas  exchange  or  mechanical  restric- 
tions  on  growth  of  the  embryo 

seed  collection  zone  area  having  defined  boundaries 
and  altitudinal  limits  within  which  soil  and  cli- 

mate are  sufljciently  uniform  to  indicate  high 
probability  for  maintaining  a  single  race  of  seed- 
producing  plants;  a  zone  having  a  distinctive 
proper  name  recognized  by  seed  certification 
agencies  and  used  to  designate  source  collected 
therein. 

seed  lot  an  indefinite  quantity  of  seed  having  uni- 
form quality,  produced  at  a  specific  location,  or 

within  a  single  seed  collection  zone,  and  collected 
from  a  single  annual  crop. 

seed  orchard  plantation  of  ramets  or  seedlings  from 
phenotypically  superior  progenitors  on  which 
tests  of  inheritance  are  either  completed  or  pend- 

ing. Area  is  cultured  to  minimize  pollination  by 
outside  sources,  to  induce  abundant  seed  produc- 

tion at  an  early  age  and  to  facilitate  seed  collec- 
tion. 

seed-production  area  stand  of  better  than  average 
phenotypes  upgraded  further  by  periodic  removal 
of  the  less  desirable  trees  and  cultured  to  induce 
abundant  seed  production.  syn.  plus  seed 
stand. 

seed  source.  geographic  location  of  the  original 
progenitors  of  trees  or  shrubs  from  which  a  seed 
lot  was  collected ;  synonymous  with  seed  collec- 

tion zone  where  seed-producing  plants  are  de- 
scended from  local  progenitors.  Compare  prov- enance. 

selected  seed  seed  attested  by  a  recognized  certify- 
ing agency  to  be  from  progenitors  previously 

selected  as  superior  phenotypes  for  one  or  more 
characteristics,  but  on  which  tests  of  inheritance 
are  either  pending  or  lacking. 

serotinous  1.  flowering  or  fruiting  late  in  the  grow- 
ing season.  2.  pertaining  to  cones  that  remain 

closed  on  the  tree  for  several  months  or  a  year 
or  more  after  maturity  and  are  therefore  late 
in  dispersing  seeds. 

shrub  perennial  woody  plant  branching  close  to  the 
ground  and  with  no  major  central  stem.  Compare tree. 

simple  fruit  formed  from  a  single  ovary  and  some- 
times including  other  flower  parts;  the  most  com- 

mon type  of  fruit.  Compare  aggregate  fruit  and 
multiple  fruit. 

sound  seeds  1.  those  filled  with  viable  tissue.         2. 
full  seeds  on  which  viability  has  not  been  tested. 

source-identified  seed  seed  attested  by  a  recognized 
certifying  agency  as  being  from  the  specified  seed 
source.         syn.  standard  seed. 

species  category  of  taxonomic  classification  below 
genus  rank  including  individuals  with  similar 
morphological  characteristics  and  defined  by 
breeding-  potential  and  gene  flow.  Interbreeding 
occurs  lietween  individuals  within  a  species  re- 

sulting in  gene  flow  to  the  next  generation.  Such 
interbreeding  does  not  normally  occur  between 

individuals  of  difi'erent  species. 
spike  elongated  inflorescence  with  sessile  flowers  on 

a  main  axis  as  in  Amorpha  and  in  pistillate 
flowers  of  Juglans  and   Carya. 

stamen  one  of  the  pollen-bearing  organs  of  a  flower 
in  angiosperms  consisting  of  a  filament  and  an anther. 

staminate  having  stamens  but  no  pistils;  male 
(from  Latin:  threadlike). 

stigma  the  part  of  the  pistil,  usually  the  tip,  often 
sticky,  which  receives  the  pollen  and  on  which 
the  pollen  germinates. 

stone  part  of  a  drupe  consisting  of  a  seed  enclosed 
in  a  hard,  bony  endocarp  as  in  Prunus,  Cornus, 
and  Chionanthus. 

strain  group  of  organisms  descended  from  ancestors 
previously  selected  for  one  or  more  distinguish- 

ing, morphological  or  physiological  characters 
which  are,  or  which  are  expected  to  be,  heritable. 

stratification  pregerminative  treatment  to  break 
dormancy  in  seeds  and  to  promote  rapid  uniform 
germination;  accomplished  by  exposing  seeds  for 
a  specified  time  to  moisture  at  near-freezing 
temperatures  sometimes  with  a  preceding  ex- 

posure to  moisture  at  room  temperature. 

striate  marked  with  parallel  grooves,  lines,  or 
ridges. 

strobile    (plural    strobiles)  spiky    pistillate    inflores- 
cence or  the  resulting  fruit  as  in  Betiila  and 

AInus;  not  a  true  strobilus.  syn.  female  catkin. 

strobilus    (plural    strobili)  male   or   female   fruiting 
body  of  the  gymnosperms. 

style  stalk  of  a  pistil  which  connects  the  stigma  with the  ovary. 

tegmen         inner  seedcoat  usually   thin   and   delicate. 

testa         outer  seedcoat  usually  thick  and  tough. 
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tree  perennial  woody  plant  having  one  well-defined 
central  stem  with  branches  forming  a  crown  and 
attaining  a  minimum  height  of  8  feet.  Compare 
shrub. 

tree  percent  number  of  trees  in  a  nursery  bed  at 
time  of  lifting  expressed  as  a  percentage  of  the 
number  of  viable  seeds  sown. 

triploid  refers  to  the  number  of  chromosomes  in  cells 
of  the  endosperm  in  seeds  of  angiosperms — three 
times  the  number  of  chromosomes  in  reproductive 
cells. 

umbel  inflorescence  with  flower  stalks  arising  from 
the  apex  of  the  main  floral  axis  and  reaching 
approximately  equal  lengths  as  in  Rhamnus 
carolmiana;  frequently  compound  as  in  the  panic- 

ulate umbels  of  Aralia  spinosa. 

unisexual  flowers  of  one  sex  either  staminate  or 
pistillate.   Compare  bisexual. 

unitegmic  having  only  one  integument  as  the  ovules 
of  the   composite  family. 

utricle  a  bladdery,  one-seeded,  usually  indehiscent 
fruit  as  in  Grayia  and  Eurotia;  consisting  of  an 
achene  surrounded  by  bracts. 

variety  subdivision  of  a  species,  usually  separated 
geographically  from  the  typical,  having  one  or 
more  heritable,  morphological  characteristics 
which  diff^er  from  the  typical  even  when  grown 
under  the  same  environmental  conditions;  a  mor- 

phological variant. 
viability  capacity  of  a  seed  to  germinate;  potential 

germinative  capacity  of  a  seed  lot. 

I 
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GOIVFVERSION  FACTORS 

METRIC  TO  ENGLISH 

To  convert  from 

millimeters       

millimeters       
millimeters   

millimeters   

millimeters   
millimeters   

millimeters        

centimeters  .    

meters   

number  per  hectoliter   

kilograms  per  hectoliter 
grams  per  hectoliter   

number  per  kilogram   

number  per  gram   

number  per  gram 
number  per  square  meter 
number  per  linear  meter 

degrees,  Centigrade  (°C.) 

To  Multiply  by 

sixteenth  of  an  inch           0.6301 

eighths  of  an  inch         0.3150 
fifths  of  an  inch          0.1968 

fourths  of  an  inch         0.1574 
thirds  of  an  inch           0.1181 

halves  of  an  inch         0.07874 
inches            0.03937 

inches         0.3937 

feet         3.281 

number  per  bushel             0.3524 

pounds  per  bushel               0.777 
ounces  per  bushel         0.0124 

number  per  pound           0.4536 
number  per  pound    453.6 
number  per  ounce         .  28.35 
number  per  square  foot  0.0929 
number  per  linear  foot  0.3048 

degrees,  Fahrenheit  CF.)  (1.8  x  °C.)  + 

TEMPERATURE 
CONVERSION 

CHART 

32 

ENGLISH  TO  METRIC 

To  convert  from 

inches 
sixteenths  of  an  inch 

eighths  of  an  inch 
fifths  of  an  inch 

fourths  of  an  inch 
thirds  of  an  inch 

halves  of  an  inch 

feet    

number  per  bushel 

pounds  per  bushel     .    ... 

ounces  per  bushel   
number  per  pound   

number  per  pound   
number  per  ounce        

number  per  square  foot 
number  per  linear  foot 

degrees,  Fahrenheit  (°F.) 

To  Multiply  by 

centimeters           2.540 
millimeters                 1.587 

millimeters  _    .  .  3.175 

millimeters     ...         5.080 

millimeters  ...  6.350 
millimeters     ..     8.467 
millimeters  12.70 

meters  0.3048 

number  per  hectoliter  2.838 

kilograms  per  hectoliter  1.287 

grams  per  hectoliter  80.44 
number  per  kilogram  2.205 

number  per  gram               0.002205 
number  per  gram  0.03527 
number  per  square  meter  10.76 
number  per  linear  meter  3.281 

degrees,  Centigrade  (°C.)        0.55  (°F.  -  32) 
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Aaronsbeard,  Cotinus 
abele,  Popuhis 
acacia,  Acacia 

black 
black-wattle 
blackwood 
green-wattle 

ailanthus,  Ailanthus 
alamo,  Populus 
alamo  bianco,  Populus 
alamo  de  la  sierra,  Abies 

Alaska-cedar,  Chamaecyparis 
Alaska  cypress,  Chamaecyparis 
Alaska  yellow-cedar,  Chamaecyparis 
albizzia,  Albizia 

Molucca 
silktree 

alder,  Ahms 
American  green 
black 
European 
European  black 
European  speckled 
gray 
green hoary 
hazel 
mountain 
Nepal 
Oregon 
Pacific  Coast 
red 
river 
Sierra 
Sitka 
smooth 
speckled 
thinleaf 
wavyleaf 
western 
white 

Algerian  cedar,  Cedrus 
algerita,  Berberis 
aliso,  Platanus 
Allegheny  sloe,  Prunus 
allspice,  wild;  Lindera 
almond.  Primus 
American  basswood,  Tilia 
American  beech,  Fagus 
American  bittersweet,  Celastrus 
American  horsechestnut,  Aesculus 
American  linden,  Tilia 
American  smoketree,  Cotimis 

American  sweetgum,  Liquidambar 
American  yellowwood,  Cladrastis 
amorpha,  Amorpha 

California 
dwarfindigo 
indigobush 
leadplant 

Amur  corktree,  Phellodendron 

Anderson  desert-thorn,  Lycium 
angelica-tree,  Aralia 
antelope  bitterbrush,  Purshia 

antelope-brush,  Purshia 
Aomori-todo-matsu,  Abies 
Apache-plume,  Fallugia 
apes-earring,  ebony;  Pithecellobium 
Appalachian-tea,  Ilex 
apple.  Mains common 

Japanese  flowering  crab 
Oregon  crab 
Pacific  crab 

prairie  crab 
red  Siberian  crab 
Siberian  crab 
sweet  crab 
western  crab 
wild 
wild  crab 
wild  sweet  crab 

apricot,  Pruinis 
aralia,  bristly;  Aralia 
araucaria,  Araucaria 

columnar 

Cook's 
arborvitae,  Thuja 

American 
Chinese 
eastern 

giant oriental 
arbutus,  trailing;  Epigaea 

arbutus,  tree;  Arbutus 
Arizona-ironwood,  Olneya 
aromatic  wintergreen,  Gaultheria 
arrowwood,  Holodiscus 

arrowwood,  Indian;  Philadelphus 
arrowwood.  Viburnum downy 

mapleleaf 
roughish 
smooth 
southern 

arrowwood  viburnum,  Vibumu^n 
ash,  Fraxiynis 

Arizona 
basket 
Biltmore 
Biltmore  white 
black blue 

brown 
Carolina 
Darlington 
desert 
European flowering 

foothill 

green 

ash,  Fraxinus — Continued 

hoop 

leatherleaf 

pumpkin red 
Shamel 
smallseed  white 
smooth 
smooth  Oregon 
swell-butt 
swamp 

Tourney 

tropical 
two-petal 
velvet 
water white 

aspen,  Populus 

bigtooth European 

golden Japanese 
largetooth 
mountain 
quaking 
Siebold trembling 

Vancouver 

Atlantic  white-cedar,  Chamaecyparis 
Atlas  cedar,  Cedrus 

Australian-pine,  Casuarina 
Australian  redcedar,  Toona 
Australian  toon,  Toona 
autumn  elaeagnus,  Elaeagnus 
autumn-olive,  Elaeagnus 
azalea,  Pinxterbloom;  Rhododendron 

baccharis,  Baccharis 
dwarf 
kidneywort 
mulefat 
narrowleaf 

bahan,  Populus 
baldcy press,  Taxodium 
balsam,  Abies 
barberry, Berberis 

Cascades creeping 

desert 
European 
Fremont 

Japanese Korean 

Nevin red 

basswood,  Tilia 

batai,  Albizia 

bay,  Umbelhiiaria 
bayberry,  Myrica 

northern 
Pacific 
southern 

bead-tree,  Melia 
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bean-tree,  Laburnum 
bearberry,  Arctosfaphylos 
bearberry,  Rhawnus 
bearclover,  Chamaehatia 
beardtongue,  Lemmon;  Penstemon 
beargrass,  Yucca 
bearmat,  Chamaehatia 
bearmat,  southern;  Chamaehatia 
beech,  Carpinus 

blue 
water 

beech,  Fagus 
American 
Eiiropean 

beefwood,  Casuarina 
Cunningham 
horsetail 

berry,  two-eyed;  Mitchella 
bigcone  spruce,  Pseudotsuga 
big  shellbark,  Carya 
bigtree,  Sequoiadendron 
bilberry,  Vaccinium 

dwarf 
red 

bilsted,  Liqiiidamhar 
birch,  Befula 

black 
bog 
canoe 
cherry 
Dahurian 
dwarf 
European  white 
gray 
hairy 
low 
paper 
red 
river 
silver 
swamp 
sweet 
water 
white 
wire 
yellow 

birchleaf  cercocarpus,  Cercocarpus 

birchleaf  mountain-mahogany, 
Cercocarpus 

birchleaf  spirea.  Spiraea 
bitter-aloes,  Cowania 
bitterbrush,  Purshia 

antelope 
desert 

bitter  nightshade,  Solanum 
bitternut,  Carya 
bitter  pecan,  Carya 
bittersweet,  American;  Celastrus 
bittersweet,  Solanum 

black-alder.  Ilex 
blackhead,  ebony;  Pithecellohium 

blackberry,  Ruhiis 
Allegheny 
cutleaf 
evergreen 

blackberry,  Rubus — -Continued 
Himalaya 
mountain 
Pacific running 

smooth 
sow-teat 
thornless trailing whip 

blackbrush,  Cercocarpus 
blackgum,  Nyssa 
blackhaw,  Bumelia 
blackhaw,  Vihumum 
black  huckleberry,  Gaylussacia 
black  jetbead,  Rhodotypos 

black-snap,  Gaylussacia 
blackthorn,  Prunus 
black  twinberry,  Lonicera 
blackwood.  Acacia. 

Australian 
Tasmanian 

bladder-.senna,  common;  Colufea 
blue  beech,  Carpinus 
blueberry,  Vacciniuvi 

box 
dwarf early 

early  low 
highbush 
lowbush seedy 

sweet  low swamp 

tall 
blueblossoni,  Ceanothus 
blue  bush,  Ceanothus 
blue  elderberry,  Sambucus 
bluegum,  Eucalyptus 
bluegum,  Tasmanian;  Eucalyptus 
hodark,  Madura 

bois-d'arc,  Madura 
Boston  ivy,  Parthenocissus 
bottom  shellbark,  Carya 
bow  wood,  Madura 
bo.xelder,  Acer 
boxthorn,  Lycium 
Brayley  flinderisa,  Fiindersia 
Brazilian-pine,  Araucaria 
Brisbane  box,  Tristania 
bristly  aralia,  Aralia 
bristly  sarsaparilla,  Aralia 
broom,  chapparal;  Baccharis 
broom,  dv/arf  chapparal;  Baccharis 
broom,  Scotch;  Cytisus 
brushbox,  Tristania 

brush,  coyote ;  Baccharis 
buckbrush,  Ceanothus 
buckbrush,  Symphoricarpos 
buckeye,  Aesculus 

big 

California 
dwarf 
fetid 

buckeye,  Aesculus — Continued Georgia 
Ohio 

painted red 
scarlet 
sweet 

Texas 

woolly 

yellow 
bucknut,  Simmondsia 
buckthorn,  Bumelia 
buckthorn,  Rhamnus alder 

California 
cascara 
common 
Dahurian 
European 
glossy 
hollyleaf redberry 

buckwheat,  California;  Eriogonum 
buckwheatbrush,  flattop;  Eriogonum 
buffaloberry,  Shepherdia 

Canadian russet 
silver 
thornless 

bullberry,  Shepherdia 
bullnut,  Carya 
bumelia,  gum;  Bumelia 
bumelia,  woollybucket;  Bumelia 
bunchberry,  Cornus 

bunya-bunya,  Araucaria 

bunya-pine,  Araucaria 
burning-bush,  Euonymus 
bursting-heart,  Euoiiymus 
bush-anemone,  Carpenteria 
bush,  blue;  Ceanothus 
bushnut,  Simmondsia 

bush-poppy,  Dendromecon 
bushpoppy,  stiff;  Dendromecon 
butternut,  Juglans 

buttonball-tree,  Platanus 
buttonbush,  Cephalanthus 
buttonbush,  common;  Cephalanthus 
buttonwood,  Plantanus 

cactus,  giant;  Cereus 
calico-bush,  Kalmia 
California  buckwheat,  Eriogonum 
California  fan-palm,  Washingtonia 
California-holly,  Photinia 
California  incense-cedar,  Libocedrus 
California-laurel,  Umbellularia 
California  nutmeg,  Torreya 

California-palm,  Washingtonia 
California  redwood,  Sequoia 
California  rosebay.  Rhododendron 
California  slippery-elm, 

Frcmontodendron 
California  torreya.  Torreya 
California  washingtonia, 

Washingtonia 
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California  Washington-palm, 
Washitigtonia 

Canada  balsam,  Abies 
candelabra  tree,  Araucaria 
candle-berry,  Myrica 
carob,  Ceratonia 
Carolina  silverbell,  Halesia 
carpenteria,  Carpenteria 
cascara,  Rhamnus 
cascara  sagrada,  Rhamnus 
cassena.  Ilex 
casuarina,  Casuarina 

horsetail 
longleaf 
river-oak 

catalpa,  Catalpa 
common 
hardy 
northern 
southern 
western 

catalpa-willow,  Chilopsis 
Catawba-tree,  western;  Catalpa 
cattle  saltbush,  Atriplex 
cattle-spinach,  Atriplex 
ceanothus,  Ceanothus 

buckbrush 
Calistoga 
Catalina 
deerbrush 
desert 
feltleaf 
Fendler 
hairy 
hoaryleaf 
jimbrush 
Monterey 
redstem 
Santa  Barbara 
snowbrush 
squaw  carpet 
trailing 
varnish-leaf 
wedgeleaf 

cedar,  Cedrus 
Algerian 
Atlas 

Cyprian 
Cyprus 
deodar 
Himalayan 

cedar,  Juniperus 
mountain 
rock 

cedar-of-Gog,  Cupressiis 
cedar-of-Lebanon,  Cedrus 
cercocarpus,  Cercocarpus 

birchleaf 
curlleaf 
mountain 

chamiza,  Atriplex 
chapparal  broom,  Baccharis 
chapparal  broom,  dwarf;  Baccharis 
chastetree,  lilac;  Vifex 

checkerberry,  GauUheria 
checkerberry  wintergreen,  GauUheria 

cherrioni,  Sapindus 
cherry,  Prunus Bessev 

bird 
bitter 
black 
common  choke 
European  bird 
evergreen 
fire 
holjyleaf 
mahaleb 
Manchu 
Nanking 

narrowleaf 

perfumed 

pie 
pin 

rum 
sand 
sour 
St.  Lucie 
sweet 
western  sand 
wild 
wild  black 
wild  red 

chestnut,  Castanea, 
American 
Chinese 
European 
Japanese 

Spanish chinaberry,  Melia 

China-tree,  Koelreuteria 
chinatree,  Melia 
China-tree,  wild;  Sapindus 
Chinese  arborvitae.  Thuja 
Chinese  date,  Ziziphus 
Chinese  matrimonyvine,  Lycium 
Chinese  tallowtree,  Sapium 
chinkapin,  Castanopsis 

bush 

golden Sierra 

chittamwood,  Bumelia 
chittam-wood,  Cotinus 
chokeberry,  Aronia 

black 

purple red 

chokecherry,  common ;  Prunus 
Christmas-berry,  Ilex 
Christmasberry,  Photinia 
Christ-thorn,  Ziziphus 
clematis.  Clematis 
Drummond 
eastern 
Italian 
mountain 

plume 
l)urple rock 
western 

clifFrose,  Cotvania 

cliff'rose,  Stanbury;  Cowayiia 
coast  coffeeberry,  Rhamims 
coffeeberry-bush,  Garrya 

coffeeberry,  Rhamnus 
coffeeberry,  Simmondsia 
coffeetree,  Kentucky;  Gyninocladus 

cofFee-tree,  Rhamnus 
colonial-pine,  Araucaria 
columnar  araucaria,  Araucaria 
common  baldcypress,  Taxodiiim 
common  bladder-senna,  Colutea 
common  buttonbush,  Cephalanthus 
common  chokecherry,  Prunus 
common  gorse,  Ulex 
common  hoptree,  Ptelea 
common  jujube,  Ziziphus 
common  moonseed,  Menispermum 
common  olive,  Olea 

common  pawpaw,  Asimina 
common  peach,  Prunus 
common  persimmon,  Diospyros 
common  sassafras.  Sassafras 
common  seabuckthorn,  Hippophae 
common  smoketree,  Cotinus 
common  spicebush,  Lindera 
common  trumpetcreeper,  Campsis 

Cook-pine,  Araucaria 
Cook's  araucaria,  Araucaria 

copal-tree,  Ailanthus 
coralberry,  Symphoricarpos 
corktree,  Amur;  Phellodendron 
cornel,  dwarf;  Cornus 
cornel,  roundleaf ;  Cornus 
Cornelian-cherry,  Cornus 
cotoneaster,  Cotoneaster 

black cranberry 
hedge Peking 

rock rock-spray 

cotton-gum,  Nyssa 
Cottonwood,  Populus 

Arizona 
balsam 
black 
eastern 
Fremont 
lanceleaf 
MacDougal 
mountain 
narrowleaf 

plains 
Rio  Grande 
river 

smooth-bark 

southei'n 

swamp 

Texas 
valley 

Wislizenus 
cow -itch  vine,  Campsis 

coyote  brush,  Baccharis 
crab  apple,  Malus 

Japanese  flowering 
Oregon 
Pacific 

prairie 
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crab  apple,  Malus — Continued 
red  Siberian 
Siberian 
sweet 
western 
wild 
wild  sweet 

cranberry  bush.  Viburnum 
American 
European 

creambush,  Hohdiscus 
creambush  rockspiraea,  Hohdiscus 
creeper,  Parthenocissus 

Japanese 
thicket 
Virginia 

creeping  pearlberry,  Gctultheria 
creeping  sage.  Salvia 
creeping  snowberry,  Gaulfheria 
creosotebush,  Larrea 

crocus,  Epigaea 
cryptomeria,  Cri/ptomeria 
cucumbertree.  Magnolia 
curlleaf  cercocarpus,  Cercocarpus 

curlleaf  mountain-mahogany, 
Cercocarpus 

currant,  Ribes 
alpine 
alpine  prickly 
American  black 
blood 
buffalo 
clove 
flowering 
golden 
gooseberry 
Hudson  Bay 
Missouri 
Oregon 
prickly 
red  flowering 
slender  golden 
Sierra 
squaw 
sticky 
swamp  black 

wax- wild  black 
winter 

custard-apple,  Asimina 
cypress,  Cupressus 

Arizona 
Arizona  smooth 
Baker 
Cuyamaca 
Forbes 
Gowen 
Guadalupe 
Italian 
MacNab 
Mediterranean 
Mendocino 
Mexican 
Modoc 
Monterey 
Piute 
pygmy 
San  Pedro  Martir 
Santa  Cruz 

cypress,  Cupressus — Continued 
Sargent 
Siskiyou 
spreading  Italian 
Tecate 

cypress,  Taxodium 

gulf 

red 
tidewater  red 
white 

yellow Cyprian  cedar,  Cedrus 

Cyprus  cedar,  Cedrus 
dake-momi,  Abies 
damson,  Prunics 
datil,  Yucca 
dawn  redwood,  Metasequoia 
deerbrush,  Ceanothus 
deerbrush,  Cercocarpus 
deer-brush,  Purshia 
deernut,  Siinmondsia 
deodar  cedar,  Cedrus 

desert-fir,  Pseudotsuga 
desert  bitterbrush,  Purshia 

desert-gum,  Eucalyptus 
desert-ironwood,  Olneya 

desert-mahogany,  Cercocarpus 

desert-palm,  Washingtonia 
desert  saltbush,  Atriplex 
desert-thorn,  Lycium 

Anderson 
European 

desert  white-cedar,  Juniperus 
desert  willow,  Chilopsis 

devils- walkingstick,  Aralia 
dewberry,  Rubus 
common 
northern swamp 

dockmackie,  Viburnum 
dogwood,  Cornus 

alternate-leaf 
American 
blue 
bunchberry 
California 
Comeliancherry 
creek 
flowering 
gray 

Japanese 
Kousa 
mountain 
Pacific 

pagoda red-osier 
roughleaf 
roundleaf 
round-leaved 
silky 

Tatarian 
western 
western  flowering 
western  red 

dotted  haw,  Crataegus 

Douglas-fir,  Pseudotsuga 
bigcone blue 
coast 
Colorado 

green 
grey 
Oregon 
Rocky  Mountain 

Douglas-spruce,  Pseudotsuga 
Douglas  rabbitbrush,  Chrysothamnus 
downy  arrowwood,  Vihurmim 
Drummond  clematis,  Clematis 

dwarf  chapparal  broom,  Baccharis 
dwarf  cornel,  Cornus 

dwarfelder,  A7-alia dwarf  indigo,  Amorpha 

eastern  clematis.  Clematis 
eastern  persimmon,  Diospyros 
eastern  virgins-bower.  Clematis 
eastern  wahoo,  Euonymus 

eastern  white-cedar.  Thuja 

ebony  apes-earring,  Pithecellobium 
ebony  blackhead,  Pithecellobium 

ebony,  Texas;  Pithecellobimn 
eglantine,  Rosa 
elaeagnus,  autumn,  Elaeagnus 
elder,  Sambucus 

American 
American  red 
blackberry 
blueberry 

common 
Pacific  red 
red-berried redberry 

scarlet 
sweet 

elderberry,  Sambucus 
blue 
red 

election-pink.  Rhododendron 
elm,  Ulmus 

American 
basket 
cedar 
Chinese 

cork dwarf  Asiatic 

European  white grey 

Japanese 
leatherleaf red 
rock 

Russian 
Scotch 
September 
Siberian slippery 

soft 
southern  rock 
spreading 
water white 
winged 

Wych 
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empress-tree,  Paulownia 
encino,  Quercus 
eriogonum,  flattop,  Eriogonum 
eucalyptus.  Eucalyptus 

alpine-ash 
beakpod 
blackbutt 
bluegum 
brown-barrel 
cuttail 
Dalrymple 
delegate 
desert 

giant 
gray  ironbark 
lemon 
lemon-gum 
longbeak 
manna 
messmate  stringybark 
moitch 
mountain-ash 
mountain-gum 
mulga  ironbark 
red-ironbark 
ribbon 
river  redgum 
robusta 
rosegum 
saligna 
shining 
Sidney  bluegum 
swamp-mahogany 
tallowwood 
Tasmanian  blue 
toolur 

euonymus,  Euonymus 
brook 
European 
Maack 
running 
warty-bark 
winged 
winterberry 

European  beech,  Fagus 
European  desert-thorn,  Lycium 
fallugie,  FaUugia 
false  cypress,  Chamaecyparis 
false  indigo,  Amorpha 
false  indigo,  fragrant;  Amorpha 
false-spiraea,  Ural ;  Sorbaria 
false  willow,  Baccharis 

false-willow,  Chilopsis 

fan-palm,  California;  Washingtonia 
feather  sage,  E^irotia 
feverbush,  Lindera 
filbert,  Corylus 

American 
beaked 
California 
European 

fir,  Abies 
alpine 
amabilis 
Arizona 
balsam 
bristlecone 
California  red 

fir,  Abies — Continued 
Cascades 
Caucasian 
common  silver 
concolor 
corkbark 
Crimean 
eastern 
European  silver 
Eraser 

golden 
grand Japanese lovely 

lowland  white 

Maries' 

Nikko 
noble 
Nordmann 
Pacific  silver 
red 

Sakhalin 
Santa  Lucia 
Shasta 
Shasta  red 
silver 
southern  balsam 
subalpine 
Veitch 
Veitch's  silver white 

firecracker  plant,  Aesculus 
five-stamen  tamarisk,  Tamarix 
flannelbush,  Fremontondendron 
flattop  buckwheatbrush,  Eriogonum 
flattop  eriogonum,  Eriogonum 
flindersia,  Brayley;  Flindersia 
flooded-gum.  Eucalyptus 
Florida  torreya,  Torreya 

flowering-ash,  Chionanthus 
flowering-willow,  Chilopsis 
fourwing  saltbush,  Atriplex 
fox  grape,  Vitis 
fragrant  false  indigo,  Amorpha 
fragrant  thimbleberry,  Rubus 
fremontia,  Fremontodendron 

California 
Mexican 
San  Diego 

fringetree,  Chionanthus 
furze,  Ulex 
gallberry.  Ilex 

gean.  Primus 
Gharab-Palk-Saf-Saf,  Populus 
giant  cactus,  Cereus 
giant-cedar.  Thuja 
giant  sequoia,  Sequoiadendron 
ginkgo,  Ginkgo 
goatberry,  Sim.mondsia 
goatnut,  Simmondsia 

goddess-of -mercy-fir,  Cryptomeria 
goldenbush.  Parish;  Haplopappus 

golden-chain,  Laburnum 
goldenchain  laburnum,  Laburnum 

goldenrain-tree,  Koelreuteria 

goldenweed,  Parish ;  Haplopappus 
gooseberry,  Ribes 

Idaho 
inland  black 
Missouri 
mountain 

pasture prickly 
roundleaf 
Sierra 
swamp 

white-stem 

gopher-wood  tree,  Torreya 
gorse,  common;  Ulex 
grandfather-gray-beard,  Chionanthus 

grape,  Vitis 
fox 

northern  fox 

plum 

swamp 

gravel  plant,  Epigaea 
gravel  weed,  Epigaea 

graybeard,  Clematis 
grayia,  Grayia 
Gray's  saltbush,  Grayia 
great  laurel,  Rhododendroyi 
Great  Plains  yucca.  Yucca 

ground  hemlock,  Taxus 
ground-laurel,  Epigaea 
Guelder  rose.  Viburnum 

gulf  cypress,  Taxodium 
gum  bumelia,  Bumelia 

gum  elastic,  Bumelia 
hackberry,  Celtis 

common 
netleaf 
southern 
sugar 
western 

hackmatack,  Larix 
hackmatack,  Populus 

Haiku-keokeo,,  Grevillea 
hardback,  Holodiscus 

Hart's  thorn,  Rhamnus 
haw,  Crataegus 

dotted 
red 

hawthorn,  Crataegus 
Arnold 
black 
cockspur 
dotted 
Douglas 
downy 

fireberry 
fleshy 

redhaw 
roundleaf 
Washington 

hazel,  Corylus 
American 
beaked 
California 
European 

he-balsam,  Picea 
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hedge,  Madura 
hediondrilla,  Leucaena 
hemlock,  ground ;  Taxus 
hemlock,  Tsuga 

black 
Canada 
Carolina 
eastern 
mountain 
Pacific 
west  coast 
western 

hemp-tree,  Vitex 
He-oak,  GreviUea 
Hercules-club,  Aralia 
Hercules-club,  Zanthoxyhmi 
hickory,  Carya 

bigleaf  shagbark 
bitternut 
bitter  water 
raockernut 
nutmeg 
oval  pignut 
pignut 
red 
scalybark 
shagbark 
shellbark 
southern  shagbark 
swamp 
water 
white 
whiteheart 

highbush-cranberry,  Vibiirnuni 
highbush  huckleberry,  Gaylussacia 
Himalayan  cedar,  Cedriis 
hobblebush,  Viburnum 
hobblebush  viburnum.  Viburnum 

hog-apple,  Crataegus 
hognut,  Carya 
hojalito,  Robijiia 

holly-grape,  Berberis 
Nevin 
red 

holly,  ilex 
American 
English 
evergreen 
mountain 
white 

holly  leaf,  Rhamnus 
honeylocust,  Gleditsia 

common 
swamp 
Texas 

honeysuckle,  Lonicera 
American  fly 
Amur 
bearberry 
coralline 
Donald 
Douglas fly 

glaucous 
hairy 
limber 
Morrow 
mountain 

honeysuckle,  Lonicera — Continued swamp  fly 
Tatarian 
twin 

honeysuckle,  purple;  Rhododendron 
hoop-pine,  Araucaria 
hophornbeam,  Ostrya 

American 
eastern 

hopsage,  spineless;  Grayia 
hopsage,  spiny;  Grayia 
hoptree,  Ptelea 
common 
woolly  common 

hornbeam,  Carpinus 
American 
European 

hornbeam,  Ostrya 
hornbrush,  Ceanothus 
horsebrush,  Grayia 
horsechestnut,  Aesculus 
huckleberry;  Gaylussacia 

black 

highbush 
huckleberry,  Vacciiiium 

California 
dwarf 
evergreen 
red 

incense-cedar,  Libocedrus 
Indian  arrowwood,  Philadelphus 
Indian-bean,  Catalpa 
Indian-currant,  Sy m phoricarpos 
Indian-lilac,  Melia 
Indian-peach,  Osmaronia 
Indian-plum,  Osmaronia 
Indian  soap-plant,  Sapindus 
indigo,  Amorpha 

dwarf 
false 
fragrant  false 

indigo-bush,  Amorpha 
inkberry.  Ilex 

inkberry,  Lonicera 

ipil-ipil,  Leucaena 
ironbark.  Eucalyptus 
ironwood,  Carpinus 
ironwood,  Casuarina 

longleaf 
shortleaf 

ironwood,  Olneya 
ironwood,  Ostrya 

island-myrtle,  Ceanothus 

islay,  Prujius 
Italian  clematis.  Clematis 

ivy,  Boston;  Parthenocissxis 

ivybush,  Kalmia 
jaboncillo,  Sapindus 

jano,  Chilopsis 
Japanese-cedar,  Cryptomeria 
Japanese  creeper,  Parthenocissus 

Japanese  cryptomeria,  Cryptoyneria 

Jersey-tea,  Ceanothus 
jetbead, black; Rhodotypos 

jimbrush,  Ceanothus 
jojoba,  Simmondsia 
Judas-tree,  Cercis 
jujube,  common;  Ziziphus 

jujube- tree,  Ziziphus 
juneberry,  Amelanchier 
juniper,  Juniperus 

alligator Ashe 
bigberry 
California 
checkered-bark 
cherry-stone common 

dwarf 
Mexican 
one-seed 
Pinchot 

prostrate 
red 
redberry 

river 
Rocky  Mountain 
Sierra 

Utah western 
West  Texas 

kalmia,  mountain-laurel;  Kalmia 
kalopanax,  Kalopanax 
Kentucky  coffeetree,  Gymnocladus 
Kew-tree,  Ginkgo 
kingnut,  Carya 
kinnikinnick,  Arctostaphylos 
kinnikinnik,  Cornus 
koa.  Acacia 
koa-haole,  Leucaena 

laburnum,  goldenchain;  Laburnum 
larch,  Larix 

alpine American 
Dahurian 
eastern 
European 

Japanese Montana 
mountain 
Russian 
Siberian 
subalpine 
western 

laurel,  great;  Rhododendron 
laurel,  Kalmia 
laurel,  purple;  Rhododendron 
laurel,  Umbellularia 
Lawson  cypress,  Chamaecyparis 
Lawson  false-cypress,  Chamaecyparis 
leadplant,  Amorpha 
leadtree,  Leucaena 

Lemmon  beardtongue,  Penstemon 
lemonade-berry,  Rhus 
lemon-gum,  Eucalyptus 
lespedeza,  Lespedeza 

bicolor 
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lespedeza,  Lespedeza — Continued 
Japan 
shrub 
Thunberg 

Lewis  mockorange,  Philadelphus 
lilac,  Syringa 
Amur 
common 
late 
Persian 

lilac,  wild;  Ceanothus 
lilac  chastetree,  Vitex 
linden,  Tilia 

American 
littleleaf 
small-leaved 
winter 

littleleaf  linden,  Tilia 
locust,  Robinia 

black 
bristly 
mossy 
New-Mexican 
rose-acacia 
southwestern 

yellow 
locust,  Texas;  Gleditsia 
locust-tree,  Ceratonia 
lupine,  Lupinus 

Pauma 
whiteface 

madrone.  Pacific;  Arbutus 
magnolia.  Magnolia 

cucumber 
evergreen 
Fraser 
mountain 
southern 
sweetbay 

mahala  mat,  Ceavothns 
mahaleb,  Priimis 
mahonia,  Berberis 

Cascades 
creeping 
desert 
Fremont 
Nevin 
red 

maibao,  Alnus 

maidenhair-tree.  Ginkgo 
manzanita,  Arctostaphylos 

bigberry 
crown 
Eastwood 
greenleaf 

maple,  Acer 
Amur 
ashleaf 
bigleaf 
bigtooth 
broadleaf 
common 
dwarf 
field 
hard 
hedge 
mountain 
Norway 

maple,  Acer — Continued 
Oregon 
planetree red 
river 
rock 
Rocky  Mountain 
Siberian 
silver 
soft 
striped 
sugar swamp 

sycamore 
Tatarian 
vine 

mapleleaf  arrowwood.  Viburnum 
mapleleaf  viburnum,  Viburnum 

maple-silkwood,  Flindersia 
matrimonyvine,  Lycium 

mayflower,  Epigaea 
mazzard,  Prunus 
meadowsweet,  white ;  Spiraea 
menodora,  rough ;  Menodora 
menziesii,  Arbutus 
mesquite,  Prosopis honey 

velvet 
western  honey 

mimosa-tree,  Albizia 
mockernut,  Carya 
mock-locust,  Aniorpha 
mockorange,  Madura 
mockorange,  Philadelphus 
momi,  Abies 
monkey-pod,  Pithecellobium 
monks'  pepper-tree,  Vitex 
moonseed,  common;  Menisperniimi 
moose  wood,  Acer 
moosewood,  Viburniun 
mountain-ash,  Sorbus 

American 
European 

large-fruited 
showy 

small  fruited 

mountain  balm,  Ceanothus 
mountain  cercocarpus,  Cercocarpiis 
mountain  clematis,  Clematis 
mountain-holly,  Nemopanthus 
mountain-laurel,  Kalmia 
mountain-laurel,  Rhus 
mountain-mahogany,  Cercocarpus 

birchleaf 
curlleaf 
true 

mountain-misery,  Chamaebatia 
mountain-misery,  San  Diego; 

Chamaebatia 

mountain  pink,  Epigaea 

mountain  rosebay.  Rhododendron 

mountain-spray,  Holodiscus 
mountain  whitehorn,  Ceanothus 

moxieplum,  Gaultheria 

mulberry,  Morns 
red 
Russian 
silkworm white 

muscadine,  northern;  Vitis 
nama,  woolly ;  Nama 

nannyberry,  Shepherdia 
nannyberry,  Viburmim 
narrow-leafed  oleaster,  Elaeagnus 
New-Jersey-tea,  Ceanothus 
nightshade,  bitter;  Solanum 
ninebark,  Physocarpus 
common 
few-flowered 

mallow 

nogal,  Juglans 
Nootka  false-cypress,  Chamaecyparis 
Norfolk-Island-pine,  Araucaria 
northern  fox  grape,  Vitis 

northern  muscadine,  Vitis 
northern  white-cedar,  Thuja 

nutmeg,  California ;  Torreya 
Nuttall  saltbush,  Atriplex 

oak,  Quercus basket 

bear black 
blue 
biuflr 

bottomland  red 
bur 
California  black 
California  blue 
California  live 
California  scrub 
California  white 
canyon 

canyon  live 
Catesby 

cherrybark 
chestnut 
chinkapin 
coast  live 
cork 
cow 
Darlington 
Durand 
durmast 
eastern  red 
Elliott 

English European  turkey 
fork-leaf  white 
Garry 

gray 

highland  live 

Hill's 

huckleberry 

interior  live 
iron 

jack 

Kellogg 

laurel live 

maul mossycup 

northern  pin 
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oak,  Quercus — Continued 
northern  red 
Nuttall 
Oregon  white 
oriental 
overcup 
peach 
pedunculate 

pin possum 
post red 
rock 
rock  chestnut 
sawtooth 
scarlet 
Schneck 
scrub 
sessile 
shingle 
shrub  live 
Shumard 
Sierra  live 
smooth-bark 
smooth-barked  red 
southern  red 
Spanish 
spotted 
stave 
swamp 
swamp  chestnut 
swamp  post 
swamp  red 
swamp  white 
turkey 
valley  white 
Virginia  live 
water 
water  white 
white 
willow 
yellow 

ocean-spray,  Holodiscus 
Ogeechce-lime,  Nyssa 
Ogeechee-plum,  Nyssa 
oilnut,  Jtiglans 

oka-kilika,  Grevillea 

old-man's-beard,  Chiottanthns 
old-man's-beard,  Clematis 
oleaster,  Elaeagnus 
olive,  common;  Olea 

opossum-wood,  Halesia 
Oregon-cedar,  Chamaecyparis 
Oregon-grape,  Berberis 

dwarf 
long-leaved 
low 
tall 

Oregon-myrtle,  UmbeUularia 
Oregon-tea  tree,  Ceanothus 
oriental  arborvitae.  Thuja 
Osage-orange,  Madura 
o-shirabiso,  Abies 
osoberry,  Osmaronia 

pabloblanco,  Celtis 

Pacific  madrone,  Arbutus 

palmetto,  Sabal cabbage 
Etonia 
scrub 

palmilla,  Yucca 
palo  de  hierra,  Olneya 

panicled  goldenrain-tree,  Koelreuteric 

Parana-pine,  Araiicaria 
parasol-pine,  Sciadopitys 
Parish  goldenbush,  Haplopappus 
Parish  goldenweed,  Haplopappus 
partridgeberry,  Mitchella 
paulownia,  Pouloivnia 
pawpaw,  Asimina 
common 
dwarf 
smallflower 
smallfruited 

peach,  Prunus 
peacock-pine,  Cryptomeria 
pear,  Pyrus 
common 
French 
Harbin 
Manchurian 
Ussurian 

pearlberry,  creeping;  Gaultheria 
peashrub,  Siberian;  Caragana 
pecan,  Carya 
penstemon,  Penstemon 

chaparral 

climbing- foothill  blue 
heart-leaf 
honeysuckle 
Lemmon 
red straggly 

thymeleaf vine 

pepperwood,  UmbeUularia 
pepper-wood,  Zanthoxylum 
persimmon,  Diospyros 
pignut,  Carya 
pignut,  Simmoinlsia 
pincushion  tree,  Viburmon 
pine,  Pinus Aleppo 

Apache Arizona 
Arizona  longleaf 
Arizona  ponderosa 
Arizona  yellow 
Armand 
arolla 
Austrian 
Balfour 
Balkan 
banksiana 
beach 
Bhutan 

big-cone bishop 

black 
blackjack 
blue 
border  limber 

pine,  Pinus — Continued 
Bosnian 
bristlecone 
bull 

Calabrian Canary 

Canary  Island 
Caribbean 
cedar 
cembran 
Chihuahua 
chilgoza 
Chir 
cluster 
coast 
Colorado  pinyon 
Coulter 
Del  Mar 
Digger 
dwarf  mountain 
dwarf  Siberian 
eastern  white 
European  black 
fo.xtail 
Gerard 
gray 

graybark Greek  stone 
hard 
Heldreich hickory 

Himalayan 
Idaho  white 
insignis 
Italian  stone 

jack 

Japanese  black 
Japanese  red 
Japanese  stone 
Japanese  white 
Jeffrey 
Jersey 

Jerusalem 
Khasi 
knobcone 
Korean 
limber loblolly 

lodgepole 
longleaf 
longleaf  Indian 
longstraw 
Macedonian 
maritime 
marsh 
Merkus 
Mexican  pinyon 
Mexican  weeping 
Mexican  white 
mountain Monterey 

Mugho 
northern  white Noi-way 

nut 
oldfield 

pinaster 
pinyon 

pitch 
pond 

ponderosa 
prickle-cone radiata 
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pine,  Piniis — Continued 
red 
rock 
Rocky  Mountain  lodgepole 
Rocky  Mountain  ponderosa 
Rocky  Mountain  white 
sand 
Santa  Cruz  Island 
Scotch 
Scots 
scrub 
shore 
shortleaf 
Siberian  stone 
Sierra  Nevada  lodgepole 
silver 
slash 
soft 
Soledad 
South  Florida  slash 
southern 
southern  yellow 
southwestern  white 
spruce 
stone 
sugar 
swamp 
Swiss  mountain 
Swiss  stone 
Table-Mountain 
Tenasserim 
Torrey 
umbrella 
Virginia 
western  white 
western  yellow 
Weymouth 
white 
whitebark 
yellow 
yellow  slash 

pino  real,  Pinus 
prno  real  bianco,  Abies 
pino  real  bianco  de  la  sierras,  Abies 
Pinxterbloom  azalea.  Rhododendron 

pinyon,  Pinus 
Colorado 
Mexican 
Parry 
singleleaf 

planetree,  Platanus 
American 
buttonwood 
California 
oriental 

plum  grape,  Vitis 
plum,  Primus 

Allegheny 
American 
bullace 
cherry 
Chickasaw 
garden 
inch 
Klamath 
marianna 
Munson 
myrobalan 
Pacific 
Porters 
red 

plum,  Prunus — Continued 
sand Sierra 
western 
wildgoose 
wild  yellow 

plume  clematis.  Clematis 

pond  baldcypress,  Taxodium 
pondcy  press,  Taxodium 
poiiil,  FaUugia 
poplar,  Liriodendron 
poplar,  Populus Andrews 

balsam 
black 
California 
Carolina downy 

eastern 
Euphrates 
European  black 
Fremont 
gray 

Japanese 
lanceleaf 
laurel 
narrowleaf 
necklace 

plains Petrowsky 
Rio  Grande 
Russian 
Simon swamp 

tacamahac 
western  balsam 
white 

popple,  Populus 
Port-Orford-cedar,  Chamaecyparis 
Port-Orford  white-cedar, 

Ch  a  m  accyparis 

Portuguese-cedar,  Cupressus 
possum-haw,  Viburnum 
powder-puff -tree,  Albizia 
prickly-ash,  Aralia 
prickly-ash,  Zanthoxylmn 
common 
Hercules-club 
northeiTi 
southern 

pride-of-India,  Koelreuteria 
pride-of-India,  Melia 
princess-tree,  Paulowyxia 
privet,  Ligxistrum 
Amur 
common 
European 
glossy 

Japanese 
purple  clematis.  Clematis 
purple  honeysuckle,  Rhododendron 

purple  laurel.  Rhododendron. 

quailbush,  Rhus 
quaking  asp,  Populus 

Queensland-maple,  Flindersia 
quinceberry,  Cotoneaster 

quininebrush,  Purshia 
quinine-bush,  Cowania 
quinine-bush,  Garrya 
quinine  plant,  Simmondsia 
rabbitbrush,  Chrysothamnus 

Douglas 

rubber 
Rafinesque  viburnum.  Viburnum 
raintree,  Pithecellobium 
raspberry,  Rubus 

black blackcap 

dwarf  red flowering 

purple-flowering red 

red-beech,  Flindersia 
redberry,  Rhamnus 
redberry,  Shepherdia 
redbud,  Cercis 

Arizona 
California 
eastern 
western 

redcedar,  Australian ;  Toona 
redcedar,  Juniperus 

eastern 
Rocky  Mountain 
southern 

redcedar.  Thuja 
Pacific 
western 

red  cypress,  Taxodium 
red  elderberry,  Sambucus 
red-gum,  Eucalyptus 

redgum,  Liquidambar 
red  haw,  Crataegus 
red-ironbark.  Eucalyptus 

redroot,  Ceanothus 
red-willow,  Cornus 
redwood,  dawn ;  Metasequoia 
redwood.  Sequoia 

rhineberry,  Rhamnus 
rhododendron.  Rhododendron 

catawba coast 

great 

Pacific 
rosebay 

ribbongum.  Eucalyptus 

Richmond-River-pine,  Araucaria 

roble,  Quercus 
rock  clematis.  Clematis 
rockspiraea,  creambush,  Holodiscus 

rope-vine.  Clematis 
rose,  Rosa baldhip 

climbing 

dog 

Fendler  woods 
hedgerow 
Japanese little  wood 
multiflora 
Nootka 
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rose,  Rosa — Continued 
nutka 
meadow 
memorial 
prairie 
rugosa 
smooth  wild 
sweetbrier 
Wichura 
wood 
Woods 

rosehay,  California;  Rhododendron 
rosebay,  mountain;  Rhododendron 
rough  menodora,  Menodora 
roughish  arrowwood,  Mburnum 
roundleaf  cornel,  Conms 
roundleaf  juneberry,  AmeJanchier 
rowan-tree,  Sorbus 
royal  paulownia,  Pauloivnia 
rubber  rabbitbrush,  Chrysothamnus 
running- fox,  Mitchella 
running-oak,  Chamaebafia 
running  strawberry-bush,  Euonymiis 
Russian-olive,  Elaeagnns 
sabina,  Juniperiis 
sagebrush,  Artemisia 

basin big 
black 
blue 
dark 
little 
little  black 
low 
scabland 
small 

sage,  creeping;  Salvia 
sage,  feather;  Eurofia 
sage,  white;  Eurotia 
sage,  winter;  Eurotia 
sagrada,  cascara;  Rhamnus 
saguaro,  Cereiis 
salal,  Ganltheria 
salmonberry,  Rubiis 
saltbrush,  Grayia 
saltbush,  Afriplex 

cattle 
desert 
fourwing 
Nuttall 
shadscale 
spring 

saltbush,  Gray's;  Grayia 
salt-cedar,  Tamarix 
saltsage,  A  triplex 
saman,  PitheceUobium 

sandberry,  Arcotostaphylos 

San  Diego  mountain-misery, 
Chamaebatia 

sandthorn,  Hippophae 
sapgum,  Liquidamhar 
sarsaparilla,  Aralia 

bristly 
wild 

sassafras,  Sassafras 

sau,  Albizia 
savin,  Juniperus 
saw-palmetto,  Serenoa 
Scotch  broom,  Cytisus 
scrub  box,  Tristania 
sea-ash,  Zanthoxylum 
seabuckthorn,  common;  Hippophae 
sequoia,  giant;  Sequoiadendron 
serviceberry,  Amelanchier Allegheny downy 

Huron 
Pacific 
roundleaf 
saskatoon 
shadblow 
thicket 
western 

shadbush,  Amelanchier 
western 
thicket 
shore 

shadscale,  Atriplex 
shadscale  saltbush,  Atriplex 
she-balsam,  Abies 
sheepberry,  Viburnum 
sheepnut,  Siinmondsia 
shellbark,  big;  Carya 
shelbark,  bottom ;  Carya 
shinglewood.  Thuja 
shining-gum,  Eucalyptus 
shinyleaf  spirea.  Spiraea 
shirabe,  Abies 
shirabiso,  Abies 
shoestrings,  Amorpha 
Siberian  peashrub,  Caragana 
silk-oak,  Grevillea 
silktassel,  Garrya 

Freemont 
Wright 

yellowleaf 
silktree,  Albizia 
silkwood,  Flindersia 
silky-oak,  Grevillea 
silverbell,  Carolina;  Halesia 
silverberry,  Elaeagnus 

silverberry,  Shepherdia 

silver-oak,  Grevillea 
silvertip,  Abies 
silver-top,  Eucalyptus 
Sitka  cypress,  Chamaecyparis 
skunkbu.'ih,  Garrya 
skunkbush,  Rhus 

slippery-elm,  California; 
Fremont  odcndron 

sloe,  Prunus 

small  custard-apple,  Asimina 
small-leaved  linden,  Tilia 
small  soapweed,  Yucca 
small  spikenard,  Aralia 

smoketree,  Cotinus 
American 
common 

smooth  arrowwood,  Vibzirnuni 
snowberry,  creeping;  Gaultheria 
snowberry,  Symphoricarpos 

Columbia 
common 

garden 
Indian-currant 
western 

snowbrush,  Ceanothus 
snowbush,  Ceanothus 
snowdrop-tree,  Halesia 
soapberry,  Sapindus 
soapberry,  Shepherdia 
soapberry,  western;  Sapindus 
soapolallie,  Shepherdia 
soap-plant,  Indian;  Sapindus 
soaptree  yucca.  Yucca 
soapweed,  Yucca 
sorrel-tree,  Oxydendrum 
sour-gum,  Nyssa 
sour  tupelo-gum,  Nyssa 
sourwood,  Oxydendrum 
southern  arrowwood,  Viburntmi 
southern  bearmat,  Chamaebatia 
southern  white-cedar,  Chamaecyparis 
Spanish-bayonet,  Yucca 
spicebush,  Lindera 
spikenard,  small;  Aralia 
spindletree,  Euonymus 

European 
warty 

winged 

spineless  hopsage,  Grayia 
spiny  hopsage,  Grayia 

spiny-sage,  Grayia 
spirea.  Spiraea 

birchleaf 
shinyleaf 
white 

spring  saltbush,  Atriplex 
spruce,  Picea 

Alberta  white 
black 
Black  Hills blue 

bog 

Brewer 
Canadian 
Chinese 
coast 
Colorado 
Colorado  blue dragon 

eastern 
Engelmann 
European 
Himalayan 
Hondo 
Koyama 
Menzies Norway 

oriental red 
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spruce,  Picea — Continued 
Sakhalin 
Serbian 
silver 
Sitka 
skunk 
swamp 
tideland 
tigertail 
weeping 
western  white 
white 
Yeddo 

yellow 
squawapple,  Peraphyllitm 
squawberry,  Lycium 
squawbush,  Cornus 
squawbush,  Garrya 
squaw  carpet,  Ceanothiis 
squaw  mat,  Ceanothus 
squaw-plum,  Osmaronia 
St.  Johnsbread,  Ceratonia 
stagbush,  Vibiirnum 

Stansbury  cliff'rose,  Cowania 
sticky-laurel,  Ceanothus 
stiff  bushpoppy,  Dendromecon 

stinking-cedar,  Torreya 
stinking-yew,  Torreya 
stone  pine,  Pinus 

Greek 
Italian 
Japanese 
Siberian 
Swiss 

strawberry-bush,  Euonymus 
strawberry-bush,  running;  Euonymui 
strawberry  tree,  Arbtitus 
sugarberry,  Celtis 
sugarbush,  Rhus 

sugi,  Cryptomeria 
sumac,  Rhus 

aromatic 
dwarf 
flameleaf 
fragrant 
ill-scented 
laurel 
lemon 
lemonade 
mahogany 
scarlet 
shining 
skunkbush 
smooth 
staghorn 
sugar 
velvet 
winged 

swallow-thorn,  Hippophae 
swamp  blackgum,  Nyssa 

swamp-cedar,  Chamaecyparis 
swamp  grape,  Vitis 

swamp-gum.  Eucalyptus 
sweetbay.  Magnolia 

sweet-birch,  Ceanothus 

sweetgale,  Myrica 
sweetgum,  Liquidambar 

sweethaw,  ̂ 'iburnum 
sweet  pecan,  Carya 
sweet  viburnum.  Viburnum 
sycamore,  Platanus 

American 
buttonball-tree 
California 
western 

syringa,  Philadelphus 
tacamahac,  Populus 
tallowbrush,  Cercocarpus 
tallowtree,  Sapium 
tamarack,  Larix 
tamarisk,  five-stamen;  Tamarix 
tanbark-oak,  Lithocarpus 
tangantangan,  Leucaena 
tangle-legs.  Viburnum 
tanoak,  Lithocarpus 
tarweed,  Chamaebatia 
Tasmanian  bluegum.  Eucalyptus 

teaberry,  Gaultheria 
tesota,  Olneya 

Texas  ebony,  Pithecellobium 
Texas  locust,  Gleditsia 

Texas  virgins-bower.  Clematis 
thicket  creeper,  Parthenocissus 
thimbleberry.  Rubus 
thorn,  Crataegus 

Arnold 
cockspur 
dotted downy 

large-fruited 
long-spined 
Newcastle 
roundleaf 
Washington 
white 

thornapple,  western;  Crataegus 
tidewater  red  cypress,  Taxodium 
Tingiringy-gum,  Eucalyptus 
tobacco  bush,  Ceanothus 
todomatsu,  Abies 
tollon,  Photinia 
toona,  Toona 
toothache  tree,  Zanthoxylum 
torreya,  Torreya 

California 
Florida 

toyon,  Photinia 
trailing  arbutus,  Epigaea 

travelers-joy,  Clematis 
tree-anemone,  Carpcnteria 
tree  arbutus,  Arbutus 

tree-of-Heaven,  Ailanthiis 

tree-poppy,  Dendromecon 
tree,  strawberry;  Arbutus 
tremble,  Populus 
true  mountain-mahogany, 

Cercocarpus 

trumpetcreeper,  common;  Campsis 

trumpet-flower,  Campsis 
trumpetvine,  Campsis 
tupelo-gum,  Nyssa 
tupelo,  Nyssa 

black 

Ogeechee 
sour 

swamp 

swamp  black water 

tulip-poplar,  Liriodendron 
tuliptree,  Liriodendron 
twinberry,  black;  Lonicera 
twistwood,  Viburnum 

two-eyed  berry,  Mitchella 
umbrella  chinaberry,  Melia 
umbrella-pine,  Sciadopitys 

umbrella-tree,  Melia 
urajiro-moni,  Abies 
Ural  false-spiraea,  Sorbaria 

utis,  Ahnis 

varnish-tree,  Koelreuteria 
viburnum,  Viburnum 

arrowwood 
hobblebush 

mapleleaf Rafinesque 
sweet 
wayfaringtree witherod 

vine-bower,  Clematis 
vinegar  tree,  Tristania 
vine,  wild;  Vitis 
virgilia,  Cladrastis 
Virginia  creeper,  Parthenocissus 

Virginia  virgins-bower.  Clematis 
virgins  bower,  Clematis 

eastern 
Texas 
Virginia 
western 

wafer-ash,  Ptelea 
wahoo,  Euonymus 
wahoo,  Ulmus 
walnut,  Juglans 

American 
Arizona 
Arizona  black 
black 
California 

Carpathian 
eastern  black 

English 
Hinds 
Hinds  black 
little 
Persian 
river 
Siebold 
Texas 
Texas  black white 

washingtonia,  California; 
Washingtonia 
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Washington-palm,  California; 
Washiiifftonia 

water  beech,  Carphms 
waterbeech,  Platamis 

water-jacket,  Li/cium 
waterlocust,  Gleditsia 
wattle,  Acacia 

black 
green 
Sally 
Sidney  black 

waxmyrtle,  Myrica 
Pacific 
southern 
western 

wayfaringtree.  Viburnum 
wayfaringtree  viburnum.  Viburnum 
waythorn,  Rhamnus 
western  Catawba-tree,  Catalpa 
western  clematis,  Clematis 
western  redcedar.  Thuja 
western  soapberry,  Sapindus 
western  syringa,  Philadelphus 
western  tamarack,  Larix 
western  thornapple,  Crataegus 
wesiern  virgins-bower.  Clematis 
whin,  Ule.v 

white-cedar,  Chamaecyparis 
white-cedar.  Thuja 

eastern 
northern 

white  cyjjress,  Taxodium 
white  fringetree,  Chionauthus 

white-gum.  Eucalyptus 
white  meadowsweet.  Spiraea, 
white  poplar,  Liriodxndron 
white  sage,  Eurotia 
white  spirea.  Spiraea 
whitethorn,  mountain;  Ceanothus 
whitewood,  Liriodendron 
whortleberry,  Vaccinium 

oval-leaved 
red 

wild-alder,  Aralia 
wild  allspice,  Lindera 
wild  China-tree,  Sapindus 
wild-hazel,  Sinimondsia 
wild  lilac,  Ceanothus 
wild-oleaster,  Shepherdia 
wild-olive,  Shepherdia 
wild-raisin,  Vibur^ium 
wild  sarsaparilla,  Aralia 
wild  vine,  Vitis 
willow,  false;  Baccharis 
willow,  Salix 

almond 
almondleaf 
basket 
beaked 
Bebb 
black 
brittle 
Coastal  Plain 
cordate 
coyote 
crack 
diamond 
fire 

glaucous 
long-beaked 
narrowleaf 
meadow 
Missouri 
Missouri  River 
mountain 
Nuttall 
Pacific 

])each peachleaf pussy red 

sandbar 
Scouler 
silver  pussy 
slender swamp 

Ward 
western  black 
Wright 

wingscale,  Atriplex 

winterberry,  Ilex 
Canadian 
common 
evergreen 
mountain 

winterfat,  Eurotia 

wintergreen,  Gaultheria 
aromatic 
checkerberry 

winter  linden,  Tilia 
winter  pink,  Epigaea 
winter  sage,  Eurotia 
witch-hazel,  Hamamelis 
witch-hobble.  Viburnum 
witherod,  Viburnum 
withered  viburnum,  Vibjtrnum 

wolfbcrry,  Elaeagnus 
wolfberry,  Lijcium 

Anderson 
Chinese 
Rich 

wolfberry,  Symphoricarpos 
woodbine,  Parthenocissus 
woollybucket  bumelia,  Dumelia 
woolly  common  hoptree,  Ptelea 
woolly  nama,  Nama 

yaupon,  7/e.c 
yellow  cypress,  Chamaecyparis 

yellow  cypress,  Taxodium 

yellow- poplar,  Liriodendron 
yellowwood,  Cladrastis 

yew,  Taxus American 
Canada 
English 
Japanese 
Pacific western 

yucca.  Yucca Great  Plains 
soaptree 

zarcilla,  Leucaena 
Zitterpappel,  Populus 
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Quercus  macrocarpa ,  bur  oak:    12  day-old  seedling,  0.5  X. 
Acer  rubrum ,  red  maple:    samara,  1  X. 

Menispermum  canadense ,  common  moonseed:   seed,  2  X. 

Cephalanthus  occidentalis,  common  buttonbush:    fruits,  0.5  X. 

Rubus  laciniatus,  cutleaf  blackberry:   seed,  6  X. 

Sorbus  americana,  American  mountain-ash:   seed,  4  X. 

Pinus  resi'nosa ,  red  pine:    1-day-old  seedling,  1  X. 
Pinus  contorta,  lodgepole  pine:   seed,  1.2  X. 

Carya  glabra,  pignut  hickory:    nut  and  husk  0.6  X. 
Betula pendula ,  European  white  birch:    seed,  66  X. 
/?(ji)t/s  ca/7arfens/s,,  thorn  less  blackberry:   fruit,  1  X. 
Aronia  arbutifolia,  red  chokeberry:   fruit  cluster,  0.5  X. 

Abies  fraseri ,  Fraser  fir:   seed,  1  X. 
Morus  alba,,  white  mulberry:    fruit,  0.5  X. 

Fraxinus  nigra,  black  ash:  2, 1-day-old  seedling,  0.5  X. 
Fraxinus pennsylvanica,  green  ash:   seed,  1  X. 

Prunus  virginiana,  chokecherry:   7-dav-old  seedling,  0.5  X. 
Abies  fraseri ,  Abies  fir:   cones,  0.5  X. 

Pinus  resinosa,  red  pine:  7-day-old  seedling,  1  X. 
Ailanthus  altissima,  aWanthus:   seed,  1  X. 

Quercus  acuf/ss/Vna,  sawtooth  oak:    acorn,  1  X. 
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1.  Abies  procera,  r\ob\e  f\r:  cone,  0.3  X, 
2.  Acer  macrophyllum,  bigleaf  nnaple:  samara,  0.5  X. 
3.  Ce/f/sref/cu/afa,  netleaf  hackberry:   stone,  4  X. 

4.  Cercocarpus  montanus .mountain  cercocarpus:    achenes  with 

feathery  styles,  0.5  X. 
5.  C/j/7ops/s//>;eam,  desertwillow:  seed,  2  X. 

6.  Clematis  virginiana,  eastern  virgins-bower:   achenes,  2  X. 
7.  Chrysothamnus    viscidi flows,   Douglas   rabbitbrush:     achene 

with  pappus,  4  X. 
8.  forof/a /anafa,  winterfat:   fruiting  spike,  0.25  X. 

9.  Ginkgo  biloba,  ginkgo:   fruit,  0.5  X. 
10.  G/n/rffo  6//oi)a,  ginkgo:  seeds,  0.5  X. 
11.  Libocedrus  decurrens,  incense  cedar:  germinating  seed,  1.5  X. 
12.  Liriodendron  tulipifera,  yellow  poplar:   samara,  1  X. 

13.  A'au/own/a  fomenfosa,  royal  paulownia:  winged  seed,  6  X. 
14.  Platanus  occidentalis,  American  sycamore:    fruiting  head,  0^5  X. 

15.  PJatanus  racemosa,  California  sycamore:   fruiting  head,  0.5  X. 

16.  Pseudotsuga    menziesii    var.    menziesii,    coast    Douglas-fir: 
cones,  0.4  X. 

17.  t//mosa/ara,  winged  elm:   samara,  2  X. 
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